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ABSTRACT 

Context. Differences have been reported between the X-ray emission of accreting and non-accreting stars. Some observations have suggested 
^ that accretion shocks could be responsible for part of the X-ray emission in Classical T Tauri stars (CTTS). 

\l Aims. We present high-resolution X-ray spectroscopy of nine pre-main sequence stars in order to test the proposed spectroscopic differences 
between accreting and non-accreting pre-main sequence stars. 
_ Methods. We use X-ray spectroscopy from the XMM-Newton Reflection Grating Spectrometers and the EPIC instruments. We interpret the 
I • spectra using optically thin thermal models with variable abundances, together with an absorption column density. For BP Tau and AB Aur we 
' derive electron densities from the O vn triplets. 
f"*) Results. Using the O vii/0 viii count ratios as a diagnostic for cool plasma, we find that CTTS display a soft excess (with equivalent electron 
temperatures of a 2.5 - 3 MK) when compared with WTTS or zero-age main-sequence stars. Although the O vn triplet in BP Tau is consistent 
with a high electron density (3.4 x 10" cm"^), we find a low density for the accreting Herbig star AB Aur (n^ < 10'° cm"^). The element 
abundances of accreting and non-accreting stars are similar The Ne abundance is found to be high (4-6 times the Fe abundance) in all K and 
Q M-type stars. In contrast, for the three G-type stars (SU Aur, HD 283572, and HP Tau/G2), we find an enhanced Fe abundance (0.4-0.8 times 
^ I solar photospheric values) compared to later-type stars. 

C/2 ■ Conclusions. Adding the results from our sample to former high-resolution studies of T Tauri stars, we find a soft excess in all accreting stars, 
but in none of the non-accretors. On the other hand, high electron density and high Ne/Fe abundance ratios do not seem to be present in all 
accreting pre-main sequence stars. 
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1 . Introduction lutionary stage, both types of stars are simultaneously present 

in star forming regions. 

Young, late-type stars are known to be luminous X-ray emit- ^-rays from T Tauri stars were first detected in earl y stud- 

ters. This is particularly true for T Tauri stars, which are di- ^^^^ ^^j^jjit^ feigelson & DeCJ fl98ll) 

vided mto two classes: the Classical T Tauri stars (CTTS) and and surveyed m ore extensively with th e ROSAT satellite (e.g., 

the Weak-hne T Tauri stars (WTTS). The CTTS display strong [peigelson at alJ [l99l iNeuhauser et al]ll995l) . Both types of 

Ha emission lines as a signature of accretion and an infrared y^^^g ^j^^^ g^jj^^jj variability on time scales of order of hours 

excess as a signature of the presence of a circumstellar disk. ^^^^ j^^^-^ ^^^^.^jl ^.ray properties were found to be similar 

The WTTS display much weaker Ho- lines and no infrared ex- ^-ray characteristics of main-sequence stars, and the X-ray 

cess, a sign that accretion has ceased and a thick disk is no emission was interpreted to arise from a corona. 

longer present. While CTTS are thought to be in an earlier evo- , , , . • „ • , • 

However, most young stellar objects, especially in their 

early evolutionary stage, are believed to be fully convective. 

Send offprint requests to: A. Telleschi therefore the generation of magnetic fields through a solar-like 

* New address (since September 2006): Integral Science Data dynamo should not be possible. Also, the presence of a disk 

Centre, Ch. d'Ecogia 16, CH-1290 Versoix, Switzerland & Geneva and accretion in CTTS adds another important element: shocks 

Observatory, University of Geneva, Ch. des Maillettes 5 1, 1290 generated by accretion of circumstellar material onto the star 

Sauvemy, Switzerland could contribute to the X-ray emission. 
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The influence of accretion on X-ray emission processes has 
been deb ated. In the j^0&4r observati ons of the Taurus-Auriga 
complex. lStelzer & Neuhauserlll200ll) found that the LxIL, ra- 
tio (where is the bolometric luminosity of the star) is lower 
in CTTS than in WTTS. This has been confirmed in the re- 
cent, more comprehensive XMM-Newton Extended Survey of 
the Taurus Molecular Cloud (XEST), but on the other hand, no 
direct correlation is fo und between accretion rate and Lx/Lt 
jTelleschi et a l 2006b). Similar results have also been reported 
from the Chandra Orion Ultradeep Project (COUP), where the 
CTTS are found to b e less luminous in X-rays than WTTS 
jPreibisch et all 12005). In both surveys, the bulk X-ray emis- 
sion is consistent with coronal emission. 

On the other hand, recent results from high-resolution X- 
ray spectroscopy of some CTTS seem to indicate the presence 
of X-ray emission generated in accretion shocks. The most ev- 
ident case is TW Hya. The Chandra and XMM-Newton spe ctra 
of TW Hya r Kastner et allEooilStelzer fc Schmitt[ l2004^ are 
dominated by emission from plasma at temperatures of a: 3 MK 
which is much lower than usually found in T Tauri stars. The 
O VII triplet, consisting of lines at 21.6 A (resonance, r line), 
21.8 A (intercombination, / line), and 22.1 A (forbidden, / 
line), displays an f /i flux ratio much below unity. This triplet 
is density-sensitive llGabriel & ■Tordanl .'l96^: in late type stars, 
typical values for the f/ i ratio are larger than unity dNess et all 
l2004lTestaetani2004 . indicating densities of at most a few 
times 10'" cm In TW Hya, the r neasured electron density 
excee ds 10'^ cm"^ jKastner et all l2002t IStelzer & SchmittL 
l2004l) . i.e., it is at least two orders of magnitude larger than typ- 
ical coronal densities. Studies of other density-sensitive lines 
lead to similar results: the He-like Ne ix triplet in the C handra 
observatio ns gives log n^ = 12.75 jKastner et alll2003) . while 
a study bv lNess & Schm itt ( 2005) presents additional evidence 
for high dens i ty from the flux ratios of Fex vii lines. Further, 
iKastner et all ll2002h and IStelzer & SchmittI ll2004) found an 
abundance anomaly in the spectrum of TW Hya, with cer- 
tain metals being underabundant with respect to the solar pho- 
tospheric abundances while nitrogen and neon are found to 
be strongly o verabundant. This anomaly was interpreted by 
IStelzer & Schmitt 12004) as being due either to metal deple- 
tion by condensation onto grains in the accretion disk or to 
an abundance anomaly present in the original molecular cloud. 
A particularly high N e/Fe abundance ratio was also found by 
lArgiroffi et all ( l2005l) for TWA 5, a stellar system in the TW 
Hya association. This object is a quadruple syste m and one 
of the components could be an accreting star ( Mohantv et all 
l2003h . although it is not possible to identify which of the stars 
is the X-ray source. The high Ne/Fe ratio could be due to the 
accreting star, but could al so be an environmental effect of 
the TW Hydrae association jArgiroffi et alll2005t) . lD7ake et alJ 
(12005b') have proposed to use the Ne/O abundance ratio as a 
diagnostic for metal depletion in accreting stars. This ratio is 
in fact found to be substantially larger in TW Hya than in all 
other studied stars (also higher than in TWA 5, another star of 
the TW Hydrae a s sociati on). 

ISchmitt et alJ (l2005l) have discussed the high resolution 
X-ray spectrum of the CTTS BP Tau observed with XMM- 
Newton. This spectrum also displays an //; ratio smaller 



than unity, resulting in an electron density of logn^, a; 11.5. 
However, the BP Tau spectrum is dominated by a hot plasma 
component. The authors interpreted the hotter component as 
originating from a corona or from magnetic interaction be- 
tween disk and corona, while the soft component may originate 
fro m accretion shocks. 

iRobrade & Schmit3 ll2006l) have presented a comparative 
study of high resolution spectra of four pre-main sequence ac- 
creting stars: BP Tau, CR Cha, SU Aur, and TW Hya. They ten- 
tatively added CR Cha as another CTTS with a low O vii // ; ra- 
tio, but the low signal-to-noise (S/N) ratio makes the measure- 
ments uncertain. The O vii triplet was not detected in SU Aur. 
The Ne abundance is found to be enhanced relative to Fe also 
in CR Cha and BP Tau. However, the Ne/O abundance ratio of 
BP Tau is similar to the ratio found for other (non-accreting) 
stars and not as high as that of TW Hya, which may be due t o 
evolutionary e ffects in the accretio n disk jPrake et alll2005'bl) . 

Recently. iGiinther et al. (2006) studied the Chandra spec- 
trum of another CTTS, V4046 Sgr, and measured a high O vn 
// ; ratio, consistent with electron densities of log n^ ~ 11 .5 . 

High resolution spectroscopy is of crucial importance to 
identify the soft component in X-ray spectra of young pre- 
main-sequence stars because emission lines formed at low 
coronal temperatures can be accessed, such as lines of Cv, 
C VI, N VI, N VII, O VII, and O viii, whereas the energy resolu- 
tion of CCDs is insufficient to reveal these lines individually. 
The possibility to measure density-sensitive lines is also essen- 
tial to distinguish between X-ray emission that may originate 
in accretion shocks and coronal emission. A comparative study 
of X-ray spectra of CTTS and WTTS should further our un- 
derstanding of the role of accretion in the production of X-ray 
emission. 

In this paper we present high resolution X-ray spectra of 
four CTTS, four WTTS, and a one Herbig Ae/ Be star. Thes e 
observations are part of the XEST project ( Giidel et alll2006hl) . 
the XMM-Newton survey of the most populated regions in the 
Taurus Molecular Cloud. The purpose of that survey is to study 
X-ray emission in a large fraction of the TMC population. 
While the spectra of HD 283572, SU Aur, and BP Tau have 
been extracted from ar chival data and have already been pre- 
sented in the literature dScelsi et all[2005HSchmitt et alll2005l: 
IRobrade & Sch mitt. 2006), the RGS spectra of the other stars 
are shown for the first time in this paper. We reanalyze the spec- 
tra of the former three stars to provide a consistent comparison. 

The structure of our paper is as follows. The stellar sample 
is described in Section|2l while we present our observations and 
data reduction in Sect. |3 The results are presented in Sect. ^ 
while a detailed discussion of the O vii triplets is presented in 
Sect. |5] In Sect. |6lwe discuss our results and Sect. contains 
our conclusions. 

2. Stellar Sample 

We present RGS spectra of 9 pre-main sequence stars. Four of 
them are CTTS, four are WTTS, while one is an intermediate- 
mass young star, belonging to the class of Herbig stars dHerbigt 
1960). The principal properties of the stars are listed in TableQ] 
We discuss some specific characteristics below. 
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Table 1. Properties of target stars. L, is the stellar (photospheric) bolometric luminosity, M is the mass, Ay and Aj are the 
extinctions in the V and J bands, respectively, Prot is the rotation period, EW(Hq') is the equivalent widt h of the Ha Une (pos itive 
for emission), and M is the mass accretion rate. If not otherwise noted, the properties are reported from lGiidel et alJ (l2006bl) and 
references therein. 



Star 


XEST No." 


L. 


M 


A^e 


R 






^ rot 


Spec. 


EW(Hq') 




Tvne 






(io) 




(Myr) 


{Ro) 


(mag) 


(mag) 


(d) 




(A) 


(Mo yr"') 


TTS 


HD 283572 


21-039 


6.50 


1.70 


7.92 


2.56 


0.38 


0.11 


1.55 


G5 







W 


V773 Tau 


20-042 


5.60 


1.53 


6.35 


1.91 


1.39 


0.31 


3.43 


K2 


4-10 


< -10 


w 


V410 Tau^ 


23-032/24-028 


2.20 


1.51 


2.74 


2.31 


0.67 


0.00 


1.94 


K4 


2-3 


< -8.8 


w 


HP Tau/G2 


08-051 


6.50 


1.58 


10.5 


2.34 


2.08 


0.66 


1.20 


GO 


0-5 




w 


SU Aur 


26-067 


9.90 


1.91 


6.02 


3.06 


0.90 


0.21 


1.70 


G2 


2-6 


-8.30/-8.20 


c 


DHTau 


15-040 


0.56 


0.47 


1.53 


1.82 


1.25 


0.32 


7.00 


Ml 


39-72 


-8.95/-8.30 


c 


BP Tau 


28-100 


0.95 


0.75 


1.91 


1.97 


0.49 


0.14 


7.60 


K7 


40-92 


-7.88/-7.54 


c 


DNTau 


12-040 


1.00 


0.56 


1.05 


2.25 


0.49 


0.34 


6.30 


MO 


12-87 


-%.l-il-1.19 


c 


AB Aur 


26-043 


49.0 


2.70 


4.0 


2.31 


0.25 


0.24 


<1.46 


B9.5-A0 


22-44 




Ae 



" XES T catalog number: the first two digits define the exposure numbers, the last three digits are the source numbers jGudel et alll2006bh . 
* From lTelleschi et al] i2006a) and references therein. 

^ V410 Tau was observed in two different exposures, therefore two different XEST numbers are given (see below). 



HD 283572 is a single G type star that does not show 
signs of accretion and is therefore classified as a WTTS 
(Kenyon et al., 1998). Also, there is no evidence for an in- 
frared excess that would be due to a c ircumstellar dust disk 
jpurlan et alll2006l) . lFavata et al.l(ll998l) have studied its X-ray 
variabiUty, analyzing data from Einstein, ASCA, ROSAT, and 
SAX. Result s on the XMM-New ton data set have already been 
presented bv lScelsi et alJ ( l2005l) . 

V773 Tau is a system composed of four stars. The sys- 
tem was detected t o be a binary by lOhez et all ( 1 19931) and 
iLeinert et al.l (Il993l) : the primary com ponent was then discov- 
ered to be a binary itself ( Weltv, 1995). Recently, a fourth com- 
ponent has been detected bv Duchene et al.. C2003.) . These au- 
thors showed that the two close components A and B reveal 
properties of WTTS, while the C component shows a near in- 
frared excess typical for CTTS. The fourth component has been 
classified as an infrared companion (IRC). The nature of IRC 
is debated: they could be deeply embedded TTS undergoing 
strong accretion (see e.g. Kore sko et al...l997|i) or th ev may be 
embedded protostars (e.g. lRessler & B arson vl200ll) . In the lat- 
ter case, the four stars would be in three different evolutionary 
phases. We refer the reader to .Duchene et al.. 12003,) for an ex- 
haustive discussion. In this work we will treat V773 Tau as a 
WTTS for two reasons: the primary and secondary stars (the 
most luminous components) are WTTS, and the hydrogen col- 
umn density (A^h) found in our spectral fits (2.0 xlO^' cm"^) 
is consistent with the optical extinctions found for the two 
WTTS (Ay = 1.39 mag) if a standard ga s-to-dust ratio is as - 
sumed (A^h/Av = 2 x 10^' cm^^ mag"' : IVuong et all Eool . 
The masses of V773 Tau A and B are 1.5 and IMq, respec- 
tively, while the mass of the C component is only ^ Q.IMq. 
The IRC would have a mass of < O.IMq. Be cause the X-ray 
luminosities of TTS are correlated with mass (Preibisch et al., 
b_005.; Telleschi et al.. 2006b) , we expect the A-i-B components 
to dominate the X-ray spectrum. X-rays from V773 Tau were 
previously detected with ROSAT jpeigelson at all 1 19941) and 
with A5CA (iSkinner et aL .19971) . 



V410 Tau is a triple system dOhez et aliri993lll997l) . V410 
Tau A and B are separated by 0. 12" with B being much fainter. 
The C component is also very much fainter than V410 Tau 
A. The primary is of spectral type K4 with a mass of 1.5 
Mq, and has an age of 2.74 Myr. V410 Tau was detected in 
X-rays by ROSAT iStrom & Strom, 1994), and more recently 
IStelzeretalJ ( l2003h presented a set of Chandra observations of 
this source. 

SU Aur is a single star of spectral type G2, with a 
ma ss of 1.9 Mp. The pr operties of this object are described 
by iDeWarf et alJ ll2003h . Despite the low equivalent width 
(EW) of the Ha line reported in Table its early spec- 
tral type and th e measured infrared e xcess classifies SU 
Aur as a CTTS (' MuzeroUe et all l2003h . The source is one 
of the X-ray brightest CTTS and was already detected by 
iFeigelson & DeCamplil (Il98 ll) wit h the Einstein Observatory, 
and bv 'Skinner & Walter I ( 1 19981) in an ASCA observation. 
Results from its XMM-Newton spectrum have recently been 
published bv iRobrade & SchmittI ( l2006l further analysis will 
be presented by Franciosini et al. 2007, in preparation). 

HP Tau/G2 is a GO star that forms a triple system with 
HP Tau/G3 (separatio n 10"), the latter itself being a binary 
jRichichiet ail 1994). The X-ray spectrum of HP Tau/G2 is 
contaminated by HP Tau/G3. However, fitting separate PSF in 
the EPIC data, we found that the source counts of HP Tau/G3 
amount to o nly about 8% of the count rates of HP Tau/G2 
JCiiidel etal lE006b). The contamination due to HP Tau/G3 is 
therefore negligibl e. Bipolar ou tflows have been detected from 
HP Tau/G2 dDuvertet alll200(]l) . although the star is classified 
as a WTTS. 

DH Tau is another binary, the primary DH Tau A being a 
CTTS, with a mass of 0.5 Mr, and an age of 1.5 Myr DH Tau 
B is a brown dwarf dltoh et all l2005l) with mass of 0.03-0.04 
Mq and an age of 3-10 Myr 

BP Tau is a CTTS of spectral type K7 with a mass of 
0.75 Mq and an age of =a 2 Myr, according to the evolu- 
tionary model of ISiess et alJ ((200(]i) . The star was already ob- 
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served by the Einstein Observatory, with Lx ~ 1 X 10 erg 
s ' (Walter & Kuhi, 1981). Result s from the XMM-Ne wton 
spectrum have bee n discussed by ISchmitt et alJ ((2005) and 
iRobrade & Schmit3 ( |2006») . They measured a relatively high 
density in the O vn triplet, suggesting that some of the X-rays 
could be produced in accretion shocks. 

DN Tau is a CTTS of spectral type MO with a mass of 
0.56 M f) and an age of 1 Myr According to Muzerolle et al. 
il2003h . the inclination angle is 35°, and the disk is relatively 
small (0.05 AU in radius). 

AB Aur is a Herbig star of spectral type B9.5-A0 with a 
mass of 2.7 Mq and an age of ^ 4 Myr (DeWarf & Fitzpatrick, 
private communication). It is surround ed by a disk from w hich 
it is accreting material (see for example lCatala et alJl999l) : it is 
therefore useful to compare the X-ray emission of this star with 
the X-ray emission of CTTS. A detailed discussion of the X-ray 
spectrum of this star is presented in Telles chi et al. ( 2006a) . 

3. Observations and data analysis 

The XEST campaign collected 28 X MM-Newton observations 
within the Taurus-Auriga complex ( Giidel et all E006b ). We 
obtained high-resolution X-ray spectra from nine targets within 
these fields of view, which are in the focus of this paper. The 
observation log is given in Table |2 For each star, we used 
each s pectrum from the two R eflecting Grating Spectrometers 
(RGS, Iden Herder et"al] 1200 ih and one of the spectra from 
the MOS-type Eu ropean Photon Imaging Cameras (EPIC, 
iTurner etalJ200ll) . For HD 283572, the RGSl instrument was 
out of operation and, therefore, we restrict our analysis to the 
RGS2 and MOSl insti'uments. For aU observations, the MOS 
instrument observed in full frame mode. Its detectors are sen- 
sitive in the energy range of 0.15-15.0 keV with a spectral 
resolving power of E/AE - 20 - 50. The RGSs are suited 
for high-resolution spectroscopy, operating in the wavelength 
range of 6-35 A with a resolution of AA x 60 - 76 mA. 

We reduced our data using the Science Analysis System 
(SAS) version 6.1. For the EPIC detectors, the data were 
reduced using the emchain task and the sources were de- 
tected using the ma ximum likelihood algorithm emldetect (see 
iGiidel et alJ2006bl for more details). We reduced the RGS data 
using the task rgsproc. The calibration files used in the data re- 
duction are those described bv PoUock C2004.) . We extracted the 
total (source-Hbackground) spectra and the background spectra 
separately. In order to optimize the signal-to-noise (S/N) ratio 
of the spectra and given the weakness of most of them, we de- 
cided to include only 85% of the cross-dispersion Point Spread 
Function (PSF, xpsfincl-85). For the background extraction, 
we kept the exclusion region of the cross-dispersion PSF and 
the inclusion region of the pulse-height distribution at the de- 
fault values, namely 95% and 90%, respectively (xpsfexcl-95 
and pdistincl-90). 

We fitted the specti-a in XSPEC jArnaudl Il996l) . using 
the optic ally- thin collisionally-ionized plasma model calcu- 
lated with the As trophvsical Plasma Emission Code (APEC, 
ISmith et alJEooH) . In order to account for calibration discrep- 
ancies between the RGS and the MOS detectors, we intro- 
duced eff'ective area factors fixed at 1.0 for the MOS and 1.05 



for the RGS, applicable to our wavelength region according to 
Ecirschetal. (2004). 

Because we are mainly interested in the line-dominated 
RGS spectra, we used, for the fit procedure, both RGS spec- 
tra (if available) but only one MOS spectrum (MOS2 for AB 
Aur and MOS 1 for all other stars), the latter confined to short 
wavelengths (between 1.5 and 9.35 A). This range is impor- 
tant to obtain abundances of Mg, Si, S, and Fe. For the RGS 
spectrum, we used the wavelength region between 8.3 A and 
25.0 A, except for AB Aur, where we fitted RGSl between 10 
A and 28 A and RGS2 between 8.3 A and 26.5 A, in order 
to include the N VII line at 24.78 A (we choose slightly diff'er- 
ent wavelength intervals in order to exclude the spectral ranges 
where an accurate background subtractio n was most difficult) . 
A s imilar approach has b een followed bylAudardetaO (IIqOJ 
and lTeUeschi et alJ (l2005l) . 

In order to use the statistic for the fitting procedure, the 
total spectra were binned to a minimum of 20 counts per bin 
for RGS (15 counts per bin for the faint spectrum of DN Tau) 
and to a minimum of 15 counts per bin for MOS. 

The spectra were analyzed using two different approaches. 
Fkst, we fitted the data with a model consisting of a contin- 
uous emission measure distribution (EMD) approximated by 
two power la ws as used in the fits to the EPIC spectra in the 
XEST survey d Giidel et"aL ■2006b,) . The EMD model is approx- 
imated by a grid of isothermal components, defining two power 
laws, one at low temperatures and one at high temperatures. 
This model was motivated by the EMD shape found from pre- 
vious high resolution X-ray spectroscopy of young solar analog 
stars jTelleschi et allEo05l) . The model can be described by 

f £Mo • {TIToT , for T<To 
' \ EMq ■ (T/Tof , for r > To ^ ' 

where Tq is the temperature at which the power laws cross, 
and EMq is the emission measure per log T at this tempera- 
ture. The slopes of the power laws below and above To are a 
and j6, respectively. We left /3 free to vary (between -3 < yS < 
1), while we fixed the slope a at a val ue of 2, as suggested 
from E MDs derived in previous studies (Tellesc hi et alll2005t 
lAr giroffi et al....2004 ). We set low and high temperature cut-offs 
of the two power laws at log T = 6.0 and log T - 8.0. The pa- 
rameters that we fitted hence are To, EMo, /3 and a selection of 
elemental abundances. 

Although our EMD model is constrained by some approxi- 
mations (double power-law shape, a fixed at +2), for a coronal 
source it is physically more plausible than a 2 or 3-temperature 
model, as the emission is described by a continuous set of tem- 
peratures rather than by only 2 or 3 isothermal components. 
However, because of the approximations, the EMD model 
could be inadequate if the X-rays were produced, for exam- 
ple, in near-isothermal accretion shocks. Therefore, we further 
test our results with a model with two or three isothermal com- 
ponents. We also apply an EMD model in which a is a free 
parameter 

In both models, we generally fixed the absorption column 
density A^h at the value found in the XEST survey from the 
EPIC data (TableO. These values agree well with Ay measure- 
ments from the hterature (see Tabled} if a standard gas-to-dust 
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Stars 


XEST No. 


ObsID' 


Instruments 


EPIC 


Start Time 


Stop Time 


Exposure 










Filter 


y- 


■m-d h:m:s 


y-m- 


■d h:m:s 


[s] 


HD 283572 


21-039 


0101440701 


RGS2, MOS 1 


Medium 


o r\c\ r\c rx"^ . cn . a a 

ZU(JU-U9-Uj Uz:o/:44 


2000-09-05 15:47:55 


46211 


V773 Tau 


20-042 


0203542001 


RGSl, RGS2, MOSl 


Medium 




2004-09-12 15:52:37 


31674 


V410 Tau 


23-032 


0086360301 


RGSl, RGS2, MOSl 


Medium 


2001-03-11 12:46:45 


2001-03- 


■12 09:13:24 


73599 


V410Tau 


24-028 


0086360401 


RGS1,RGS2, MOSl 


Medium 


2001-03-12 09:29:38 


2001-03- 


■12 21:47:51 


44293 


HP Tau/G2 


08-051 


0203540801 


RGS1,RGS2, MOSl 


Medium 


2004-08-26 06:36:23 


2004-08-26 18:10:59 


41676 


SUAur 


26-067 


0I0I44080I 


RGS1,RGS2, MOSl 


Thick 


2001-09-21 01:34:17 


2001-09-22 13:34:31 


129614 


DHTau 


15-040 


0203541501 


RGS1,RGS2, MOSl 


Medium 


2005-02-09 13:12:40 


2005-02-09 22:38:18 


33938 


BP Tau 


28-100 


0200370I0I 


RGS1,RGS2, MOSl 


Thick 


2004-08-15 06:14:30 


2004-08-16 18:42:57 


131307 


DNTau 


12-040 


0203542101 


RGS1,RGS2, MOSl 


Medium 


2005-03-04 20:22:29 


2005-03-05 05:01:54 


31165 


AB Aur 


26 043 


0I0I44080I 


RGS1,RGS2, MOS2 


Thick 


2001-09-21 01:34:17 


2001-09-22 13:34:31 


129614 


' XMM-Newton observation identification number 














Table 3. Tar 


get stars: Results from the EPIC spectral fits. Lx 


is calculated in the range 0.3-10 keV 








Stars 


A'h 


To 






EM' 


T 


Lx 








(10^2 cm-2) 


(MK) 






(10^2 cm-3) 


(MK) (lO^^^ergs-i) 






HD 283572 


0.08 (0.07, 0.08) 


10.4 (10.0, 10.7) 


-0.94 (-1.02, 


-0.87) 


114.3 


14.4 


13.0 






V 773 Tau 


0.17 (0.17, 0.17) 


8.7 (8.4, 9.1) 


-0.87 (-0.93, 


-0.82) 


89.8 


13.0 


9.5 






V 410 Tau 


0.02 (0.02, 0.03) 


10.4 (9.4, 10.8) 


-1. 17 (-1.28, 


-0.96) 


44.5 


13.2 


4.7 






HP Tau/G2 


0.41 (0.39, 0.42) 


9.2 (8.6, 9.9) 


-1.37 (-1.46, 


-1.28) 


94.6 


Il.O 


9.7 






SUAur 


0.47 (0.43 0.48) 


6.4 (6.2, 7.6) 


-1. 11 (-1.21, 


-1.06) 


95.4 


8.9 


9.5 






DHTau 


0.20 (0.19, 0.21) 


11.5 (11.0, 12.1) 


-1.38 (-1.49, 


-1.26) 


80.6 


13.4 


8.5 






BP Tau 


0.06 (0.06, 0.07) 


7.1 (6.7, 7.6) 


-0.67 (-0.73, 


-0.60) 


12.8 


12.3 


1.4 






DNTau 


0.07 (0.07, 0.08) 


10.5 (9.5, 11.5) 


-1.25 (-1.51, 


-1.02) 


Il.O 


12.9 


I.I 






AB Aur 


0.05 (0.03, 0.07) 


4.8 (4.3, 5.5) 


-1.55 (-1.78, 


-1.41) 


3.8 


5.7 


0.4 






' Total EM inteerated over temperature bins between los T = 6 - 7.9 FKl (see Giidel et al. 2006b for more details! 





ratio is assumed. We decided to fit A^h only for the high-quality 
spectrum of SU Aur. The value found in the XEST survey in 
fact led to problems with some RGS lines, which was not the 
case when we fitted A^h- The A^h found in the fits of SU Aur 
agrees mu ch better with the Ay value s given in the literature 
(Av = 0.9. lKenvon & Hartmannll99l . 

We fitted elemental abundances for the lines that are clearly 
seen in the spectra (O, Ne, Fe, Mg, Si, and S; also N for AB 
Aur), while we fixed the abundances of those elements that 
do not show significant features (C, N, Ar, Ca, Al, and Ni; 
S for AB Aur) at the values used in the XEST data analy- 
sis (C=0.45, N^0 788. Ar^O.55. Ca^ O.195, Al=0.5, Ni=0.195, 
and S=0.417; see lGiidel et a l.''2006bV All abundances are cal- 
culated with respec t to the solar photospheric abundances of 
lAnders & Grevess3 (1 19891) except Fe, for which we used the 
value given bvtarevesse & Sauvall lll999l) . The above coronal 
abundances are c haracteristic for active , young stars described 
in the hterature jGarcia- Alvarez et all l2005[ lArgiroffi et all 
12004^. They are arranged according to a weak "inverse First 
Ionization Potential (FIP) effect" (elements with higher FIP 
are overabundant relative to low-FIP elements if normal- 
ized to solar photospheric abundances: iBrinkman et aill200lt 
[Gudel et a l. 2001). 

Finally, the X-ray luminosity Lx was determined in the en- 
ergy range between 0.3 and 10 keV fror n the best-fit r nodel, 
assuming a distance of 140 pc (e.g., iLoinard et alJ l2005[ 
lKenvonetal..l994) . 



4. Results 

4.1. Light curves 

In Fig. n the light curves of the nine stars are shown. The 
star V410 Tau was observed twice consecutively (XEST-23 and 
XEST-24). Both light curves are shown in our figure. For each 
light curve we also show the hardness, defined as the ratio be- 
tween the hard band counts (1-4 keV for AB Aur, 2-7.3 keV 
for all other stars) and the soft band counts (0.3-1 keV for AB 
Aur, 0.3-2 keV for all other stars). 

No strong variability (exceeding a factor of two between 
minimum and maximum in count rate) is seen in the light 
curves of V773 Tau, HP Tau/G2, and DN Tau. HD 283572 dis- 
plays slow variability on timescales of 20-30 ks. The count rate 
varies by about 30%. Because the observation lasts about one 
third of the stellar rotation period, the variation could be due to 
rotational modulation of X-ray emitting regions in the corona, 
but equally well due to evolution of active regions. 

DH Tau's brightness decreases during the entire observa- 
tion. Possibly, a large flare occurred before the observation. 
Further evidence for this hypothesis is the continuously de- 
creasing hardness. Additional support for a flare during the 
XMM-Newton observation will be discussed in Sect. 14.51 

The light curve of the Herbig star AB Aur also shows vari- 
ability. We have fitted the curve with a sine function and we 
find a modulation with a period of 42.2 hr. A similar modu- 
lation was also found in the Mg n lines that are thought to be 
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formed in the wind of AB Aur (see lTelleschi et al ■l2006al for a 
detailed discussion). 

The two observations of V410 Tau were taken consecu- 
tively. The light curve from XEST-23 (in the left panel in 
Fig. [0 displays a flare, which has largely decayed in XEST- 
24 (in the right panel). A small flare is visible at about 35 ks 
in the second light curve. For the spectral fit, we used only 
the second observation (XEST-24). For a more detailed study 
of t he X-ray variability of t his and other TMC X-ray sources, 
see IStelzer et al.l (l2006l) and iFranciosini et'aP ilOOd k. Finally, 
flares are observed in the light curves of SU Aur and BP Tau. 
SU Aur exhibits three flares superposed on a slowly decaying 
light curve. For BP Tau, the total contribution of the flare to 
the recorded counts is modest, and the quiescent emission con- 
tained a sufficient number of counts so that we excluded the 
flare for the spectral fit. The time interval of the observation 
ignored for the analysis is marked by the dotted lines (between 
15 and 40 ks after the observation start). 

4.2. Spectra 

The EPIC MOS spectra of the nine target stars are shown in 
Fig. |2] For display purposes, we have multiplied the spectra 
with different factors (see figure caption). The effect of absorp- 
tion is clearly visible on the low-energy slopes of the spectra. 
The latter are steep for SU Aur and HP Tau/G2, demonstrat- 
ing high photoelectric absorption, while they are shallow in 
the other sources. The spectra of HD 283572, SU Aur, and 
marginally V773 Tau show the Fe line complex at 6.7 keV, 
which is a signature of very hot coronal plasma. We also note 
the presence of Lyo- and He-like lines of Mg, Si, and S for 
these stars. In contrast, the spectrum of AB Aur falls off rapidly 
above 1 keV, suggesting a dominance of cool plasma. 

Fig. 13 shows the fluxed RGS spectra of our sample. The 
specti-a of HD 283572, SU Aur, and HP Tau/G2 reveal a strong 
continuum clearly pointing to hot plasma. The spectra of SU 
Aur and HD 283572 show unusually large flux ratios between 
the strongest Fe lines and the Ne ix or Ne x lines when com- 
pared with other spectra, suggesting a higher relative Fe abun- 
dance in these two stars. 

A rather strong O vn triplet is seen in the spectra of BP Tau, 
DN Tau, and AB Aur. In the other CTTS spectra, the triplet is 
not present, probably because the spectra are more absorbed. 
Despite the low A^h for WTTS, their spectra do not reveal the 
Ovn lines. ' 

4.3. Thermal Structure 

We now present results of our spectral fits. The fitted parame- 
ters are listed in Table 0] and Table |5] for the EMD model and 
the 2-T or 3-7" model, respectively. In Fig|3]we plot, as an ex- 
ample, the data and the best fit of the EMD model for V773 
Tau; the fits to the other spectra are similar. The reduced are 
good for all fits (x^^d ~ ^-^^ ^^'^ similar for the two 

approaches. 

' The RGSl was not in use for the observation of HD 283572 and 
the RGS2 does not cover the O vii triplet due to a CCD chip failure. 



For each star and each model we computed the average 
temperature (rav) as the logarithmic average of all temperatures 
used in the fit, applying the emission measures as weights. We 
see a wide range of thermal properties, from the very hot SU 
Aur with an average temperature of 20-23 MK, an EMD peak- 
ing at about 7.7 MK and a nearly flat high-T slope (j3 = -0.05), 
to the cool AB Aur, with T^v ~ 4.7 MK and an EMD peaking at 
4.4 MK with a steep high-T slope (j8 = -1.9). For HP Tau/G2, 
DN Tau, and AB Aur we fitted a 2-T model instead of the 3-T 
model because a third component was not required for a good 
fit. 

Adding a as a free fit parameter did not change the abun- 
dances significantly, but increased the error bars. The;i'^ values 
were nearly identical. The combination of fit parameters a, /3 
and To was ill-constrained for our stellar spectra. This is a con- 
sequence of the weakness of our spectra, of the small number 
of lines available, the breadth of the emissivity functions, and 
the interrelation between emission measure and abundances. 
We conclude that the EMD fit with fixed a is satisfactory for 
our spectral analysis. 

The average temperatures are similar for the two ap- 
proaches. The results of the EMD fit are also in quite good 
agree ment with the results from the EPIC fits (Table |3j after 
Gud el et alJl2006bl) . Further, our results for SU Aur, BP Tau, 
and HD 283572 are also within the error ranges of the results 
reported bv ..Robrade & Schmitt(2006.) and Scelsi et al. (200^ . 

4.4. Abundances 

The abundances are listed in Tables |4] and |5l and are shown 
graphically in Fig. |5l with respect to solar photospheric abun- 
dances. For AB Aur the coronal abundances normalized to the 
AB Aur photospheric values ( Acke & Waelkens, 2004) are also 
shown with the open circles. The abundance patterns are simi- 
lar for the two adopted models. The abundances of HD 283572 
first decrease for increasing FIP, reaching a minimum around 
10 eV (element S). For higher FIP, the abundances increase 
with FIP. A similar trend, although less marked, can be ob- 
served for the abundances of HP Tau/G2. 

The abundance patterns of V773 Tau, V410 Tau, DH 
Tau, and BP Tau are consistent with an inverse FIP effect. 
Similar patterns are observed in active stars and T Tauri stars 
jTeUeschi et all 120051: lArgiroffi et all l2004 . In contrast, flie 
abundance pattern shown by SU Aur is peculiar among this 
sample: It is reminiscent of a solar-like FIP effect, i.e. elements 
with low FIP are more abundant than elements with larger FIP. 

As suggested above, we find that the Fe abundances are 
larger in SU Aur, HP Tau/G2, and marginally in HD 283572 
than in the rest of the sample. In the extreme case of SU Aur, 
the Fe abundance amounts to 0.67-0.81 times the solar pho- 
tospheric value. Such high Fe abundance values have been re- 
ported for relatively inactive stars, whil e magnetically active 
stars usually show a strong Fe depletion jTelleschi et allE()05t 
£udel,2004). 

The Ne/Fe abundance ratio reaches modest values for SU 
Aur (0.6-0.75), HD 283572 and HP Tau/G2 (1.5), and AB 
Aur (2.1-2.6). However, for the other T Tauri stars, regard- 
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Parameters 


HD 283572 


V 773 Tau 


V 410 Tau 


HP Tau/G2 




A'h [10-^ cm--] 


= 0.08 ' 


= 0.172 


= 0.02 2 


= 0.41 2 




To IMKl 


10.20 (9.20, 11.13) 


8.72 (7.71, 9.74) 


13.66 (10.79, 15.17) 


10.06 (9.07, 11.41) 




EM [10^2 cm-'']'' 


127.98 


75.18 


45.22 


90.06 






-0.84 (-0.99, -0.70) 


-0.53 (-0.67, -0.40) 


-1.59 (-1.80, -0.87) 


-1.15 (-1.39, -0.99) 






0.24 (0.19, 0.29) 


0.48 (0.39, 0.59) 


0.39 (0.30, 0.47) 


0.20 (0.06, 0.38) 




Ne* 


0.50 (0.40, 0.62) 


1.30(1.09, 1.55) 


1.08 (0.83, 1.31) 


0.65 (0.43, 0.91) 




Mg* 


0.51 (0.41,0.63) 


0.50 (0.37, 0.65) 


0.26 (0.15,0.38) 


0.51 (0.35, 0.70) 




Si^ 


0.25 (0.19, 0.32) 


0.29 (0.21, 0.39) 


0.12(0.04, 0.20) 


0.21 (0.13, 0.31) 




S" 


0.18 (0.08, 0.28) 


0.64 (0.46, 0.83) 


0.48 (0.33, 0.65) 


0.26 (0.12, 0.41) 




Fe^ 


0.33 (0.27, 0.39) 


0.29 (0.23, 0.36) 


0.20 (0.16, 0.24) 


0.43 (0.34, 0.56) 




Tav [MK] 


14.91 


15.60 


14.74 


12.89 




Lx [10'" erg/s]^ 


13.26 


8.85 


4.57 


9.60 






0.94 


0.94 


1.24 


0.92 




dof 


251 


208 


173 


131 




Parameters 


SU Aur 


DHTau 


BP Tau 


DNTau 


AB Aur 




0.32 


= 0.20 2 


= 0.06 2 


=0.07 2 


0.05 


To [MK] 


7.66 (6.95, 8.13) 


14.77 (12.37, 17.12) 


11.58 (10.03, 15.11) 


6.31 (4.16, 9.08) 


4.38 (2.69, 5.68) 


EM [10^2 cm-^f 


57.84 


87.88 


11.24 


15.37 


5.12 


P 


-0.05 (-0.11,0.06) 


-2.34 (-3.00, -1.73) 


-1.21 (-2.06, -0.93) 


-0.66 (-1.06, -0.33) 


-1.9 (-2.57,-1.52) 












0.57 (0.30, 1.13) 




0.30 (0.24, 0.38) 


0.49 (0.38, 0.64) 


0.46 (0.36, 0.59) 


0.11 (0.05, 0.23) 


0.22 (0.13,0.32) 


Ne* 


0.38 (0.28, 0.53) 


0.72 (0.55, 0.94) 


0.91 (0.66, 1.18) 


0.45 (0.19, 0.84) 


0.62 (0.48, 1.04) 


Mg" 


1.17 (1.05, 1.43) 


0.33 (0.20, 0.48) 


0.50 (0.32, 0.69) 


0.52 (0.27, 0.90) 


0.28 (0.13,0.74) 


Si^ 


0.64 (0.57, 0.79) 


0.16 (0.07, 0.25) 


0.26 (0.15,0.38) 


0.29 (0.12, 0.56) 


0.90 (0.60, 1.32) 




0.57 (0.45, 0.72) 


0.45 (0.30, 0.62) 


0.56 (0.34, 0.78) 


0.11 (0.00, 0.56) 




Fe'' 


0.67 (0.61, 0.77) 


0.16(0.11,0.23) 


0.18(0.12, 0.24) 


0.12(0.06, 0.23) 


0.29 (0.22, 0.47) 


Tav [MK] 


20.07 


13.76 


14.28 


11.30 


4.71 


Lx [103" grg/,]5 


7.79 


8.20 


1.16 


1.24 


0.39 




1.23 


1.00 


1.32 


1.06 


1.02 


dof 


446 


142 


161 


45 


79 



68% error ranges are given in parentheses. 

2 Held fixed at values found in the XEST survey (Giidel et al., 2006b). 

3 Total EM integrated over temperature bins between log T = 6 - 7.9 [K] (see^ude^^l^006b for more details). 

* Element abundances are with respect to solar values given by^nde^^^Grevesse ^98^ ^revess^^^auva^^99 for Fe). 
^ Determined in the 0.3-10.0 keV band. 



less of their accretion state, the Ne abundance is 4-6 times 

higher than the Fe abundance. Such high Ne /Fe abundance 

ratios are unusual for main-sequence stars jTelleschi et alJ 

I2OO5I reported Ne/Fe below 2 for their sample of solar 

analogs), although they are reminiscent of ratios reported 

for RS CVn binaries (Ne/Fe = 5.3-13.4, excluding Capella 

for which Ne/Fe=0.64, Audardetal. 2003). A very large 

Ne/Fe abundance ratio has also been me a sured in TW Hya, 

I 1 1 1 

reaching values of 7-1 1 ( Kastner et al. 2002, J. Kastner, 

private communication; Stelzer & Schmitt 2004; B. Stelzer, 

private commu nication; referring to the solar photospheric 

abundanc es o f 'Grevesse & Sa uvall I1999I for Fe), in TWA 

5 6. IXrei i-offietal.. 2005) and in HD 98800 (~ 4, 

iKastner et all 20041 , J. Kastner, private communication). For 

BP Tau, a high Ne abundance has been reported before (« 5, 

[Robrade & Schmitt .2006) . 



4.5. X-ray luminosities 

Large changes in X-ray luminosity of coronal stars are usu- 
ally accompanied by large changes of spectral parameters (e.g. 
temperature and densities), in particular in the case of flares. 
Therefore, it is important to understand if the observed Lx 
is characteristic of the star as judged from previous observa- 
tions. The X-ray luminosities from the two methods are in good 
agreement for all stars. 

For HD 283572 Lx ~ 1-3 x 1( )^' erg s'' a lso agrees 
well with results found previously bv iFavata et alJ ([1998) us- 
ing other X-ray telescop es (Lx - JO. 8 - 2.1] x 10"" erg s"'), 
and the value found bv .Scelsi et al.l ( l2005l Lx ~ 10^' erg s"'). 

For V773 Tau we measured Lx ~ 8.8 x lO"^" erg s^'. 
This v alue is slightly larger than that found bv lFeigelson at alJ 
^994) in their TJO^AL observation (Lx = 5.5 x 10^" erg s"'; in 
the energy range 0.2-2 keV). Our Lx is c onsistent with the qui - 
escent emission measured using ASCA bv lSkinneret 10(119971) : 
they found Lx = 1.23 x 10-" erg s"' assuming a distance of 150 
pc, corresponding to Lx = 1 .07 x 10^' erg s ' at 140 pc. 
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Table 5. Results from the spectral fits using the 2T/3T model.' 



raL alllCLCI s 




V 77^ Tnii 


V 41 n Tan 


FTP Taii/r;9 

nr lall/vjz 




Mu WCi^- rm"-l 

i V |-£ L A (_/ V^lll J 


= 0.08 ^ 


= 0. 17 


= 0.02 


= 0.41 " 




T, FMlfl 




4 S W4. fll S 771 


f, dn 1"^ Qfi 11 981 


8 86 ("8 4^ 1 01 




T, FMlf 1 
I 2 Livijvj 




Q 1 CS 49 in 0^1 


77 fS 64 1 4 1 71 


T> 79 C9^ 49 98 ^71 




I 3 [iVUVJ 


If, ^94. Ofi 97 19^ 


90 C97 4Q ^9 461 


94 78 1*99 71 96 601 






-t-/IVl[ [lU Clll J 


1 S 77 rzl "in 4.7 1 


8 ni C4 90 1 (i 8S1 


8 6 1 1*4 ^ 1 1 7 1 61 


98 88 C9n OS 41 7ni 




FM, [10^2 prn"3] 

LLLVLl [lU Clll J 




9n 98 n S Sfi 79 4^1 


1 1 9"! ^6 n6 18 781 


^S 41 1 69 4n 1 01 




FM, 110^- cm^'l 


65 79 ('62 50 69 001 


37 88 n4 30 40 891 


23 32 QO 61 26 611 








97 fO 19 461 


61 fO 47 791 


45 fO 37 551 


n 5 1 fn 9n n 891 






91 fO 72 1 12) 


1 60 (\ 29 2 01") 


1 10 (Q 91 1 35) 


1 10 fO 70 1 56) 




M«r 3 


80 CO 65 971 


57 rO 49 781 


97 CO 1 5 391 


89 fO 56 1 09) 




Si 3 


0.34 (0.25, 0.44) 


0.30 (0.19, 0.42) 


0.09 (0.00, 0.18) 


0.29 (0.17, 0.42) 




S3 


0.22 (0.10, 0.35) 


0.57 (0.37, 0.78) 


0.48 (0.30, 0.66) 


0.27 (0.09, 0.46) 




Fe^ 


0.59 (0.49, 0.68) 


0.37 (0.27, 0.49) 


0.18 (0.14, 0.23) 


0.72 (0.49, 0.97) 




r„ [MK] 


12.96 


16.38 


14.84 


15.94 




Lx [10^" erg/s]" 


13.56 


8.75 


4.60 


9.26 




Ared 


0.91 


0.95 


1.15 


0.94 




dof 


248 


205 


170 


130 




I^al alllCLCI s 


SIT Aiir 


iJil iclU 


RP Tan 




AR Aiir 


Mu WCi^- rm"-l 

i Y |-£ L A (_/ V^lil J 


31 fO 30 331 


- 0.20 


- 0.06 ^ 


=0.07 ^ 


-0.05 


T rMT«fl 
1 I [iVliVJ 




A A6 ex SA ns^ 


9 Q7 (1 AQ ^ 9A'\ 
LJy 1 \L.\jy^ j.Z'4^ 


6 ^n fS ^6 6 77'! 


9 AS /^9 1 n 9 8 n 


1 2 LiViJVJ 




1 1 98 ^1 n 97 19 ^9A 
li.Zo (^lU.Z/, IZ.JZ^ 


Q A9 Ck AH 1 n S^A 


96 no ^9 1 ^S ^1 661 


A QQ ^A A9 7 An 
O.yy (^O.OZ, /.H-iJ 


1 3 [iVUVJ 




9A '^S (1\ 'Xfx 97 AQ^ 
Z'+.JJ (^Zl.JO, LI Sjy) 


9^ SQ (1\ SS 9S 8S~i 






J_,1V1 1 L 1 U LIll J 


1 1 97 ^'Q 1 S 1 A C\A\ 
ii.AI yy.io^ IH-.Ut-^ 


1 n ("A OS 1 A Q7^ 
lU.oJ 1^0. uj, 10.7/ ^ 


9 1 S ("1 Al 98^ 


A S7 /'9 77 Q Sni 


9 1 Wn 87 A7^ 


VAA^ [10^2 pttT^I 

Civio [lU L-lll J 


7 7S TA S'^ 1 A ■^S^ 


^7 0^ ("94 16 AS 46^ 

J 1 .yj (^ZH-. lU, H-J.H-U ^ 


9 84 M OQ 4 OS'^ 


6 41 fS 78 7 071 


^ 44 n 06 4 ^ n 


J_,lVl3 [lU Llll J 




^A 7Q /'9S in AA ■^Q^ 


A 1 7 ("S ^A 7 ns^ 
















4S ("0 99 78^ 






n 47 ("O ^7 SSI 


CO 9^ 47^ 


n 97 fn in n 4i) 


70 ("0 1 6 47^ 




61 (0 46 78) 


69 CO 51 88") 


1 18 CO 83 1 58) 


1 01 (0 44 1 45) 


60f0 41 88) 


Mfr 3 


1 51 n 33 1 741 


29 fO 1 5 441 


n 64 (0 42 911 


77 fO 39 1 37) 


21 fO 09 381 


Si 3 
ol 




r\ ^'^ fCi ns n 9^^ 


n /Ti 1 A n as^ 


n A 1 1 s n 70^ 

U.-^-l l^U. 1 J, v. ly) 


n 7n ^(^ as i ni ^ 


s' 


0.64 (0.49, 0.79) 


0.44 (0.28, 0.62) 


0.48 (0.27, 0.72) 


0.00(0.00, 0.31) 




Fe^ 


0.81 (0.73,0.91) 


0.17 (0.11 ,0.23) 


0.27 (0.19, 0.35) 


0.21 (0.07, 0.37) 


0.23 (0.17, 0.32) 


r„ [MK] 


22.65 


13.90 


12.48 


14.44 


4.69 


Lx [103» erg/s]-* 


7.40 


8.35 


1.20 


1.19 


0.40 




1.20 


1.00 


1.26 


0.99 


1.06 


dof 


443 


139 


158 


44 


78 



' 68% error ranges are given in parentheses. 

^ Held fixed at values found in the XEST survey ^ude^^l^^006b). 

' Element abundances are with respect to solar values given by^nde^^^Grevesse ^98^ (Grevess^^^auva^^99 for Fe). 
* Determined in the 0.3-10.0 keV band. 



Our Lx for V410 Tau (Lx = 4.6 x 10^° erg s"' for XEST- 
24 ) is smaller than t he val ues found in the 7?(95Ar observation 
bv 'Stro m & StromI (Il994 (Lx = 1.3 x 10^' erg s"'), while 
i t agre es well with the largest value reported by Stelz er et al. 
(l2003l) for a set of recent Chandra observations (Lx = [3.2 - 
4.0] X 10^*^ erg s"'). This comparison suggests that the flare seen 
in the first part of our XMM-Newton observations has largely 
decayed in the second observation relevant for our study. 

The Lx of SU Aur (Lx = [7.4 - 7.8 ] x 10^" erg s'') is 
in agre ement with the value measured by iRobrade & Schmit3 

for the same observ ation (Lx = 8.1 x 10^° e rg s 
and with the value found bv ISkinner & Walter I ( 1 19981) (Lx = 
[8.4 + 0.09] X 10^° erg s^') in the ASCA observation. For BP 
Tau, our Lx (~ 1.2 x lO^'' e r g s"') is smaller than the value 
found bv'Robrade & Schmit ?(2006. Lx = 2.3 x 10^^" erg s"'), 
probably because our A'h is smaller and we excluded the flare. 



Overall, we find that the long-term variabiUty illustrated by 
the above comparison is compatible with the short-term varia- 
tions seen in our light curves. Variations within a factor of a; 2 
are common. 

The DH Tau light curve is decreasing, suggesting that the 
source is decaying after a strong flare. To test the activity 
level of this source, we compare our XMM-Newton observa- 
tion with ROSAT observations reported in the roshri catalog 
in W3Browse.^ DH Tau was detected twice by the ROSAT 
High-Resolution Imager (HRI) instrument, once with a count 
rate of 0.020 ct s^^ as IRXH J042941.3-H263256 in observa- 



- a service of the Exploration of the Universe Division at 
NASA/GSFC and the High Energy Astrophysics Division 
of the Smithsonian Astrophysical Observatory (SAO), 
,http://heasarc.gsfc.nasa.gov/cgi-bin/W3Browse/w3browse.pl^ 
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tion rh202636, and once as a fainter source in the wings of 
the nearby DI Tau (which was much fainter in the first ob- 
servation) in observation rh201088 (combined source IRXH 
J042942.6-H263250). In this latter case, DH Tau was about 
four times fainter than DI Tau, and the total count rate of 
the two was 0.014 ct s '. We used PIMMS"' to transform 
count rates to (unabsorbed) fluxes , adopting a temperature of 
10 MK and A^h = 2 x lO^' cm'^ jciudel et all 2006b) to find 
Lx = 2.3 X 10^° erg s"' and Lx = 4 x 10^^ erg s"' in the two 
observations, i.e., 4-20 times smaller than the Lx measured in 
our observation. We conclude that the light curve is the result 
of the decay of a large flare starting prior to our observation. 

5. The He-like O vii triplet 

The flux ratio of the forbidden (/) line at 22. 1 A and the inter- 
combination (0 line at 21.8 A of Ovii is density-sensitive in 
the electron-density rang e between 10'" cm~^ and 10'^ cm"^ 
dOabriel & .Tordanl Il969l) . In the case of high densities, the 
more frequent collisions trigger the excitation from the upper 
level of the forbidden transition, 1 s2s ^5 1 , to the upper level of 
the intercombination transitions, ls2p ^P\,2- As a consequence, 
the measured // / ratio becomes smaller. Photoexcitation in an 
UV radiation field would also decrease the /// ratio. The pho- 
ton wavelength for the excitation would coiTespond to the en- 
ergy difference of the two upper states, namely 1630 A for the 
O VII triplet. The UV radiation field is thus important for stars 
with Teff > lO"' K, i.e. only for AB Aur in our sample. 

The measured ratio 'R - f/i of the forbidden to intercom- 
bination line flux can be written as 



1 + (f>/4>c + nJNc i 

where is the limiting flu x ratio at low densities an d for O vii 
has a value of "Rq ~ 3.85 (Blu menthaletallll972i) . A^,. is the 
critical density at whic h fi - "Rq/I (Nc 3.4 x 10'° cm""* for 
O VII, Blumenthal et al. Hl972h . The ratio <f>/^c is the radiation 
term needed for AB Aur. 

In a thermal plasma, the flux of the resonance line, r, is 
larger than the flux of /. Furthermore, for plasma with tem- 
peratures larger than 1.5 MK, the sum f + i is smaller than 
r, so that the "G rat io" Q = (f + i)/r is smaller than unity 
( Porauet et al| l200ll) . Given the low S/N ratio of our data in 
the wavelength range of interest, it is difficult to fit the triplet 
lines individually and simultaneously fulfill the constraints for 
the R and ratios. We instead proceeded as follows: we used 
the best-fit results of the 3-T model and then made use of the 
density-dependent calculations for the O vii line fluxes as im- 
plemented in the XSPEC vmekal code. We kept all parameters 
fixed, except for the electron density and the emission measure 
of the cooler component (to allow for slight adjustments of the 
total O VII line flux). Thus, the thermal structure intrinsic to the 
model sets the correct requirement for ff, and simultaneously 
fixes the continuum. The electron density was then varied 
until a best fit for the fluxes of the O vii / and / lines was found. 

' http://heasarc.gsfc.nasa.gov/Tools/w3pimms.html 



o OVII, BP Tau 



o 

o - 




o 

o I , , , , \ , , , , , , , , , 

21 21.5 22 22.5 
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o OVII, AB Aur 



o 

o - 




o 

o I , , , , , , , , , , , , , , 

T2I 21.5 22 22.5 

channel wavelength (Angstrom) 

Fig. 6. Fit of the O vii triplets using variable electron density. 
Top panel, BP Tau: The best fit for «e - 3.4 x 10" cm"^ is 
plotted as a solid histogram, while the lower density limit («e - 
6.4 x 10'° cm"^, 90 % confidence) is shown by the dotted line. 
Bottom panel, AB Aur: The solid histogram gives the best fit 
(rte < 10'" cm"^), while the dotted histogram is for the 90% 
upper limit to (rte < 1-3 x 10" cm"-'). 



Only the wavelength region of interest was used for the fit (be- 
tween 21.4 and 22.3 A). The fi ratio was finally measured from 
the line fluxes. 

In Fig.|6lwe present the Ovii triplet for the stars BP Tau, 
and AB Aur, the only two stars for which the triplet is clearly 
visible, together with the best fits and upper or lower limits to 
the densities. In the spectrum of DN Tau (Fig.O an excess of 
counts is present at the wavelengths of the O vii triplet, but the 
S/N ratio is too low to fit the triplet. 

For BP Tau, the background was particularly high near the 
O VII triplet. We therefore decided to further restrict the inclu- 
sion fraction of the cross-dispersion PSF to 70% (xps fincl = 
70%, see Sect. |3j specifically for this wavelength region only. 
The resulting spectrum thus contains fewer background counts 
and the triplet appears more clearly, obviously at the cost of 
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some source counts. We also fitted the emission measure of 
the hottest component. This allows us to slightly adjust the 
continuum, that, because of slight background subtraction in- 
accuracies, was not accurately represented. We used bins of 
56 mA width for the fit. The best fit is represented by a solid 
histogram in the top panel of Fig.|6l We find a best-fit electron 
density of tie = 3.4 x 10" cm"^, corresponding to fi - 0.23. 
The dotted line represents the 90% lower limit, corresponding 
to ne,min,90 = 6.4 X 10'° cm"\ and •R = 1.07. For the 68% 
error we find «e,mm,68 = 1-6 x 10" cm"^, corresponding to 
'R = 0.76. Given the low flux in the Ovii / line, we were un- 
able to constrain upper limits to the densities. Th e best-fit den- 
sity is in agreement with the densities found by ISchmitt et alJ 
ll2005h and Robrade & Schmitt (2006), «e = 3 x lO" cm^^ and 
He = 3.2;^| 2 X 10" cm"-', respectively. 

In the bottom panel of Fig.|6l the O vii triplet of the Herbig 
star AB Aur is shown. Results on the electron de nsity measured 
in AB Aur have been discussed in detail by iTelleschi et alJ 
Here, we will report the main results in order to com- 
pare them with results from CTTS. We performed the fit again 
using a bin width of 56 mA to find an electron density below 
the low-density limit, «e ~ 10'° cm"^ and fi - fio. The dot- 
ted line in Fig. |6j3 coiTesponds to the 90% upper limit, which 
is «e,max,90 ~ (1-3 + 0.4) X lO" cm^^ and /// = 0.95. For the 
68% upper limit we found «e,raax,68 ~ (4.2 + 1.2) x 10'*' cm"-', 
corresponding to /// - 2.42. 



6. Discussion 

6.1. Abundance patterns 

The three stars with spectral type G (HD 283572, SU Aur, 
HP Tau/G2) h ave similar properties. They were classified by 
iHerbig & BelL(.1988) as SU Aurigae-like stars, i.e., late type F 
to K stars showing an Ha equivalent width smaller than 10 A, 
weak Ca II emission, very broad absorption lines (vsin/ > 50 
km s"'), and a relatively high optical luminosity. 

In X-rays, these stars display an abundance pattern with Fe 
enhanced relative to oxygen (Fe/O ~ 1.4 to 2.2), in contrast to 
the later-type stars in our sample that show an inverse FIP ef- 
fect (Fe/O ^ 0.35 to 1.0). Furthermore, the Ne/Fe abundance 
ratio is relatively small for these three stars (0.5-1.5) if com- 
pared with the other T Tauri stars in our sample (Ne/Fe ^ 4-6). 
In Fig. 0a, b we plot the Fe/O abundance ratio as a function of 
the Fe/Ne ratio for the EMD and 2T/3T models, respectively. 
The two stellar populations are different: the K-M type stars 
(plotted in black) are lower in both Fe/O and Fe/Ne than the 
G-type stars (plotted in red). One possible explanation is that 
the abundances might be related to mass or to surface grav- 
ity. However, then we would expect V410 Tau and V773 Tau 
to show abundance ratios similar to the G-type stars, as their 
masses are close to the masses of the SU Aurigae -like stars in 
our sample, but this is not observed. IScelsi et alJ (|2005) have 
also found similar abundances (when scaled to the Fe abun- 
dances) for three different G type stars with different masses 
at different evolutionary stages (HD 283572, EK Dra, and 3 1 
Com). They concluded that surface gravity is not a determin- 
ing factor for coronal abundance ratios. 



-a) 



^TW Hya2 

1.0= x™"y»i 



, pNTau 



,iBI'Taj 
,pH1 



0.1 



CasB 
HD 83572 



EMD model 



0.1 



1.0 



Fe/Ne 



7 Cas B iSUAur 

IIP Tau/G2 




2T/3T model 



0.1 L 
0.1 



1.0 



Fe/Ne 



Fig. 7. Fe/O abundance ratio as a function of the Fe/Ne ratio 
for abundances derived using an EMD model (a) and a 2/3- 
T model (b). The K-M type stars are plotted in black, while 
the G-type stars are in red. The ZAMS 47 Cas B and EK 
Dra are plotted in blue for comparison in both plots (from 
Telleschi et al. 2005). The T Tau star TWA 5, the post T Tau 
star PZ Tel, the ZAMS AB Dor, TW Hyal and 2 are plotted in 



(a) for comparison (the analysis were based based on an EMD 


method; see 


Argiroffi et al. 


2005, 


2004; 


Garcia- Alvarez et al,.j 


l2005[ 


iKastner etalJbOOi 


Stelzer & Schmittll2004. CR Cha 



and TW Hva3 h ave been added to (b) according to 3T fits re- 
ported bv lRobrade & Schmitt (2006.) . 



In Fig. we also show for comparison th e abun dance 
ratios of the TTS CR Cha dRobrade & SchmittL l2006l) . TW 
Hya (labele d "TW Hyal" f rom 'Kastner et al.! l2002l "TW 
Hya2" from IStelzer & Schmitt 2004. and "TW Hya3" from 
iRobrade & Schrmttll2006l) . aiid TWA 5 (lArgiroffi et all 120051) . 
The abundances from these previous works have been con- 
ver ted to the photosphe r ic abu ndance norr nalization used here, 
i.e. ICirevesse & Sauvall (Il999t) for Fe and lAnders & 
tl989^ for O and Ne. CR Cha is of spectral type K2, TW Hya 
is K8, and TWA 5 is Ml. 5. CR Cha and TW Hya3 were in- 
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terpreted with a 3T model and are therefore plotted in Fig.Et, 
while TW Hyal, TW Hya2, and TWA 5 were interpreted with 
an HMD method and are therefore plotted in Fig. TWA 5 
shows abundance ratios well compatible with our other K-type 
TTS, while CR Cha's ratios are somewhat higher. We note, 
however, that CR Cha is an early K star. TW Hya shows an 
Fe/Ne ratio similar to other K st ars (especially in the measure- 
ments from lKastner et aljbooil andfeobrade & Schmitt 2006) 
while its Fe/O ratio is high. 

An abundance pattern similar to that of SU Aurigae-like 
stars was also observed in zero-age-main-seq uence (ZAMS) 
stars with spectral type G (47 Cas B, EK Dra. Tellesc hi et all 
l2005l) . For comparison, we therefore plot in Fig. a, the 
abundance ratios that were derived from a detailed HMD re- 
construction and a multi-thermal fit, respectively, for these two 
G-type ZAMS stars. All G-type stars, independently of the evo- 
lutionary stage, display similar abundance ratios. 

Near zero- age main sequence K stars like P Z Tel 

dArgiroffi et all l20()4l) ari d AB Dor dGiidel et all l200lt 
iGarc ia- Alvar ez et al.L show a classical inverse FIP pat- 

tern similar to what we obse rve in our K-ty pe T Tau stars. The 
abundance ratios for PZ Tel jArgiroffi et al.t,.20 04) and AB Dor 
jGarcia- Alvarez et alll2005l) are also shown in Fig.Qa. Again, 
the abundance ratios are similar to the K-type TTS, although 
Fe/Ne is somewhat higher. We note, however, that both stars 
have somewhat earlier spectral types than typical for our sam- 
ple of T Tau stars: PZ Tel is classified as a KO V star (Houk, 
1978 1 and AB Dor is of spectral type KO-2 V tVilhu et al.. 

Further, we have checked the abundance ratios found in ac- 
tive G-type and K-type main-sequence stars in the previous lit- 
erature using the compilation of Giidell (l2004l) and a few recent 
references as given in Table |6l For these stars as well, both 
the Fe/Ne and Fe/O abundance ratios are larger for G stars 
than for K stars. In Table |6l we summarize the abundance ra- 
tios for G and K-type stars. The last three entries in Table|6lare 
stars that cannot be easily classified. AR Lac is composed of a 
G and K star an d both components con tribute strongly to the 
X-ray emission ('Siark owski et al.[ll99 6'). A And is a G8 giant 
star, i.e. intermediate between the two samples, in fact showing 
abundances similar to K-type stars. Finally, AB Aur is a Herbig 
star. These latter three stars are not included in the calculations 
of averages below. We do not report the errors because we are 
mainly interested in studying the distributions, i.e. their means 
and their standard deviations. Further, the abundances reported 
in the table originate from different works based on different 
methods, implying that error estimates may not be consistent 
with each other. Also, errors are not given in some papers. The 
mean ratios for G stars are (Fe/Ne)G - 1.02 (standard devia- 
tion o- = 0.48) and (Fe/Oc = 2.03 (cr = 0.42). For K stars (us- 
ing the mean of the three abundance ratios for TW Hya) we find 
(Fe/Ne)K = 0.22 (a = 0.11) and <Fe/0>K = 0.58 (cr = 0.32), 
i.e. substantially lower than for G type stars. Considering only 
the subsample of TTS, we find (Fe/Ne)G,TTS - 1-03 (stan- 
dai-d deviation cr = 0.64), (Fe/0)G,TTS = 2.92 (cr = 0.47), 
<Fe/Ne)K,TTS = 0.23 (cr = 0.10), and (Fe/0)K,TTS = 0.71 
(cr - 0.35), in agreement with the values found for the full 
sample. The Ne/O abundance ratios are also fisted in Table |6l 



We find Ne/O to range between 1 and 3. lDrake et"al] (l2005bl) 
suggested that this ratio might be sensitive to accretion; how- 
ever, we find no difference in the Ne/O ratio between CTTS 
«Ne/0)c = 2.24, crc = 1.12, excluding TW Hya) and WTTS 
((Ne/0)w = 2.75, crc = 0.43). The mean Ne/O ratio for 
all (K and G-type) stars in Table |6l (excluding TW Hya) is 
(Ne/O) = 2.76 (cr - 1.65). The only star with exceptionally 
high Ne/O ratio remains TW Hya. This might be related to the 
older age o f TW Hya and the c onsequent evo l ution of grains 
in the disk dDrake et alll2005bl) . lGunther et alJ(l2006l) recently 
reported an anomalously high Ne/O ratio also for the CTTS 
binary V4046 Sgr. 

We conclude that a separation is visible between G-type 
stars and mid-K-M-type stars, with G stars having a larger 
Fe/Ne abundance ratio. Early K-type stars (like AB Dor, PZ 
Tel and CR Cha) show an intermediate Fe/Ne ratio. A separa- 
tion also exists in the Fe/O abundance ratio if we exclude TW 
Hya. The latter star is however peculiar among TTS, since al- 
most only cool plasma is present and the abundances refer, in 
contrast to other TTS, essentially to this cool plasma. It seems 
therefore that the abundance pattern in the coronae of pre-main- 
sequence and near-ZAMS stars relates to the spectral type, i.e. 
is a function of the photospheric temperature. We caution that 
our sample is small, and further studies are needed to consoli- 
date this trend. 

6.2. A soft excess in accreting stars 

In the RGS spectra of Fig. |3l we notice that the weakly ab- 
sorbed spectra of accreting stars (BP Tau, DN Tau, and AB 
Aur) display a relatively strong Ovii triplet when compared 
with the Ovm Lya line. On the contrary, in the spectrum 
of V410 Tau (also subject to weak absorption, A^h - 2 x 
10^" cm"^) the O vn triplet is not visible. This lets us hypothe- 
size that a substantial cool plasma component is present in the 
accreting stars but not in the WTTS. 

The ratio between the fluxes in the O vii triplet and the O vm 
line varies with temperature in the range of ^ 1-5 MK. In order 
to estimate this ratio, we derived the number of counts at the 
wavelengths where the lines are formed (between 18.75-19.2 
A for Oviii and 21.4-22.2 A for Ovii). From the total num- 
ber of counts measured in these wavelength intervals, we sub- 
tracted the number of background counts (scaled to the source 
area) and the number of counts due to continuum (derived from 
the EMD best fit model). In the RGSl the effective area drops 
substantially at wavelengths slightly shorter than Ovm, and 
we therefore used the RGS2 spectrum to derive the number 
of counts in this usually bright line (we used the RGS 1 spec- 
trum only for AB Aur, because in this spectrum the effective 
area of RGS2 drops at wavelengths close to the O vm line). To 
obtain the fluence in the lines we divided the source counts by 
the effective areas at the relevant wavelengths. The number of 
counts and the fluences derived with this method are summa- 
rized in Table In the last column, we also list the probability 
that the measured number of counts is due to Poissonian fluc- 
tuations in the background-Hcontinuum. The RGS2 spectrum of 
DN Tau is difficult to interpret quantitatively because it shows 
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Table 6. Abundance ratios of active stars from this work and from the literature 



Star 


Type 


Spec.Type 


Fe/Ne 


Fe/0 


Ne/O 


ref. 


Early to mid G-type stars 


HD 283572 


WTTS 


G5 


0.66 


1.38 


2.08 


this work 


HP Tau/G2 


WTTS 


GO 


0.66 


2.15 


3.25 


this work 


SU Aur 


CTTS 


G2 


1.76 


2.23 


1.27 


this work 


47 Gas 


ZAMS 


GO-2 


0.57 


1.57 


2.74 


Telleschi et al. (2005) 


EKDra 


ZAMS 


GO 


1.26 


2.52 


2.0 


Telleschi et al. (2005) 


Capella 


RS CVn 


G1+G8 


1.56 


3.13 


2.00 


Audard et al. (2003) 


Capella 


RS CVn 


G1+G8 


1.41 


1.65 


1.16 


Areirofii et al. (2003) 


0-2 CrB 


RS CVn 


G1+G8 


0.73 


2.15 


2.94 


Suh et al. (20(35) 


0-- CrB 


RS CVn 


G1+G8 


0.69 


1.82 


2.66 


Osten et al. (2003) 


Averages for G-type stars 




1.02 


2.03 


2.25 




K-type stars (and early M for TTS) 


V773 Tau 


WTTS 


K2 


0.22 


0.60 


2.71 


this work 


V410 Tau 


WTTS 


K4 


0.19 


0.51 


2.76 


this work 


DHTau 


CTTS 


Ml 


0.22 


0.33 


1.47 


this work 


BP Tau 


CTTS 


K7 


0.20 


0.39 


1.97 


this work 


DNTau 


CTTS 


MO 


0.27 


1.09 


4.09 


this work 


CR Cha 


CTTS 


K2 


0.44 


1.07 


2.42 


Robrade & Schmitt (2006) 


TWHya 


CTTS 


K8 


0.14 


1.44 


10.06 


Robrade & Schmitt (2006) 


TWHya 


CTTS 


K8 


0.15 


1.00 


6.67 


Kastner et al. (2002) 


TWHya 


CTTS 


K8 


0.10 


1.16 


11.60 


Stelzer & Schmitt (2004) 


TWA 5 


WTTS? 


M1.5 


0.16 


0.48 


2.97 


Ai-eirofii et al. (2005) 


AB Dor 


ZAMS 


KO-2 


0.34 


0.49 


1.42 


Garcia-Alvarez et al. (2005) 


PZTel 


ZAMS 


KO 


0.44 


0.81 


1.87 


Areiroffi et al. (2004) 


HR 1099 


RS CVn 


K1+G5 


0.15 


0.36 


2.40 


Audard et al. (2003) 


UX Ari 


RS CVn 


K0-hG5 


0.08 


0.25 


3.13 


Audard et al. (2003) 


VY Ari 


RS CVn 


K3-4 


0.14 


0.45 


3.22 


Audard et al. (2003) 


11 Peg 


RS CVn 


K2-3 


0.07 


0.14 


2.02 


Huenemoerder et al. (2001) 


V851 Cen 


RS CVn 


K2 


0.18 


0.57 


3.16 


Sanz-Forcada et al. (2004) 


Averages for K-type stars 




0.22 


0.58 


3.00 




Other stars 


AB Aur 


Herbig 


B9.5-A0 


0.47 


1.32 


2.81 


this work 


ARLac 


RS CVn 


K0+G2 


0.46 


1.23 


2.68 


Huenemoerder et al. (2003) 


^ And 


RS CVn 


G8 


0.19 


0.57 


3.00 


Audard et al. (2003) 



' For TW Hya, the mean of the three abundance ratios (Fe/Ne resp. Fe/0) was used. 
^ Excluding TW Hya. 



some excess in the background around the O vm line, resulting 
in too low flux in the line. We therefore use the RGS 1 to derive 
the die counts in the O vm line. 

The O vii/O vm fluence (or equivalently, flux) ratio is plot- 
ted in Fig. Isjas a function of A^e- The dotted lines show the 
theoretical Ovn/Ovm ratio for isothermal plasma at a given 
temperature as a function of A^h- The flux ratios measured in 
our sample are displayed by circles, while squa re symbols refer 
to me asurements taken from the literature ( Robrade_&^chmitn 
12006 for TW Hya, BP Tau, and CR Cha; Areiroffi et al."2005 
for TWA 5). For HD 283572, because the RGSl was not avail- 
able and the RGS2 does not cover the O vii wavelength region, 
we derived the flux ratio from the best-fit model. Cool tem- 
peratures can be determined, apart from the O vii Hea line, by 
the O VII Hej3 line at 18.63 A, but the line has not significantly 
been detected. The feature that appears in the HD 283572 spec- 
trum in Fig.|3lis located slightly but significantly longward of 
the Ovii He/3 fine (at 18.75 A instead of 18.63 A) while the 
O VIII Lya line is located at its laboratory wavelength. The ex- 
cess in flux at 18.75 A in this spectrum is due essentiaUy to a 



single bin at 18.75 + 0.03 A, 2cr above the continuum, while 
the spectral fit represents the data at the correct line wavelength 
accurately, implying a low flux also for the O vii Hea lines. For 
a further check, we studied a spectrum of HD 283572 observed 
by Chandra (Audard et al. 2007, in preparation). This spec- 
trum shows a well-developed O vm line but no line at 18.62 A 
nor at 18.75 A. The 95% confidence upper limit for the pres- 
ence of excess flux at 18.62 A is approximately 10% of the 
O VIII Lya flux. Because the emissivity of the O vii Hej3 line is 
about 14% of the emissivity of the O vii Hea r line at 21.6 A 
and the latter is about 60% of the total triplet flux under typical 
conditions, we conclude that a flux in the O vii triplet must be 
lower than Oviii Ly a line flux at the 95% confidence level. 
In any case, a strong line at 18.6-18.8 A as tentatively sug- 
gested by the XMM-Newton RGS spectrum can be excluded. 
The Chandra spectrum shows no indication of flux in the re- 
gion of the O VII triplet, but the effective area of the HETGS 
instrument used in this observation is too small to be useful 
for our study, because even a triplet with a total flux equal to 
the flux in the O vm Lya line would not have been detected. For 
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Table 7. Number of counts and fluences for the Oviii and O vii lines. Cts(tot), Cts(bkg), Cts(cont), and Cts(src) are the number 
of counts measured in the total spectrum, in the background spectrum, in the continuum (computed using the EMD fit results), 
and in the line (Cts[tot]-Cts[bkg]-Cts[cont]). The last column give the probability that the measured number of counts is due to 
fluctuations in the background and continuum. 



Star Line Spectrum Cts(tot) Cts(bkg) Cts(cont) Cts(line) Etf. Area Fluence Prob. 







used 










[cm-] 


[ph/cm^] 




BPTau 


VIII 


RGS2 


81 


10.57 


11.53 


58.90 ±9.13 


52.5 


1.12±0.17 


0. 




Ovii 


RGSl 


80 


26.26 


13.44 


40.30 ± 9.24 


41 


0.98 ± 0.23 


1.2 10"** 


V773 Tau 


VIII 


RGS2 


91 


4.83 


13.06 


73.11 ±9.59 


53 


1.38 ±0.18 


0. 




Ovii 


RGSl 


26 


5.77 


11.15 


9.08 ±5.21 


41 


0.22 ±0.13 


2.4 10"- 


V410 Tau 


VIII 


RGS2 


82 


3.61 


14.78 


63.61 ±9.10 


52 


1.39 ±0.20 


0. 




Ovii 


RGSl 


40 


11.45 


24.52 


4.03 ±6.51 


41 


0.10 ±0.16 


0.27 


HP Tau 


viii 


RGS2 


18 


5.11 


2.83 


10.50 ±4.37 


53 


0.20 ± 0.08 


7.8 10""* 




O VII 


RGSl 


6 


7.61 


1.11 


< 2.4 


41 


< 0.06 


0.87 


SU Aur 


VIII 


RGS2 


59 


11.37 


10.36 


37.27 ±7.87 


53 


0.90 ±0.19 


0. 




Ovii 


RGSl 


42 


34.83 


8.78 


<6.5 


41 


<0.16 


0.62 


DHTau 


viii 


RGS2 


67 


6.59 


10.02 


50.39 ± 8.27 


53 


0.95 ±0.16 


0. 




Ovii 


RGSl 


44 


25.39 


8.03 


10.58 ±7.62 


41 


0.25 ±0.19 


4.5 10-2 


DNTau 


O viii 


RGSl 


17 


3.37 


3.06 


10.57 ±4.21 


46 


0.27 ±0.11 


3.8 10-"* 




Ovii 


RGSl 


20 


6.66 


4.32 


9.02 ± 4.62 


41 


0.22 ±0.11 


9.1 10-3 


AB Aur 


viii 


RGSl 


54 


14.57 


4.05 


35.38 ±7.60 


43 


0.82 ±0.18 


0. 




Ovii 


RGSl 


76 


31.35 


6.02 


38.62 ±9.16 


38 


0.98 ± 0.25 


2.0 10-* 


HD 283572 


VIII 


RGS2 


» 117 




33.07 


83.91 ± 10.81 


52.5 


1.60 ±0.21 


0. 




Ovn 


RGSl 


~ 55 




36.51 


18.18 ±7.40 


41 


0.44 ±0.18 


2.6 10-3 



SU Aur and HP Tau/G2, the counts in the O vii triplet were very 
close to zero, and therefore only 95% upper limits to the flux 
ratios are shown. We also note that these stars show the highest 
A^H in our sample, which is the reason for strong suppression of 
the O VII triplet. Although the triplet is not explicitly visible in 
the spectra of V410 Tau, V773 Tau, and DH Tau, we measured 
a slight excess of counts in the relevant wavelength interval. 
For these stars, we therefore plot their O vn/O viii flux ratios at 
their best-fit loci. 

For all WTTS, marked with open symbols in Fig. |S] we 
measure a low Ovii/Oviii ratio, even if A^h is small (2 x 
10^° cm-^ for V410 Tau). The temperatures corresponding to 
these line ratios (Toxy) are consistent with an isothermal plasma 
of > 3.5 MK. The lack of strong O vii is evident in Fig.|3 If the 
total flux in the O vii were similar to the the flux in the O viii 
Lya line, then the O vii r-line would be approximately 50-60% 
of the Oviii Lya flux if A^h is low, which is not seen in Fig.|3] 
for these WTTS. 

For comparison, we also plot the O vii/O vm ratios of the six 
solar analog stars presented by Telleschi et al. (2005). These 
main sequence stars are almost unabsorbed; for illustration pur- 
poses, we plot them at A^h Z 0.01 x 10^^ cm-^. The O vii/O viii 
flux ratios (or the upper limits thereof) that we measure in 
WTTS compare well with the same ratios measured in active 
ZAMS stars such as 47 Cas B or EK Dra. With regard to the 
cool end of the coronal emission measure distribution, WTTS 
and ZAMS stars seem to behave similarly. 

On the other hand, we measure a high Ovii/Oviii only 
for accreting stars. For most of them, the line ratio is consis- 
tent with Toxy ~ 2.5-3 MK. These ratios are reminiscent 
of Ovii/Oviii found in rather inactive, evolved solar analogs. 
In contrast to the CTTS, however, the coronae of those more 



evolved stars are dominated by cool plasma, while much hotter 
plasma is common in CTTS. 

For two CTTS, namely SU Aur and DH Tau, we mea- 
sure an Ovii/Oviii ratio lower than for the other accreting 
stars. However, we have noticed that both stars are flaring (see 
Sect. 14. 1> . which must lower their O vii/O vm flux ratio. The 
O vm line is sensitive to the hot plasma, so that its flux increases 
while the source is flaring. On the contrary, the O vii triplet is 
insensitive to the high temperatures measured in a strong flare. 
We therefore expect the O vn/O vm flux ratio to decrease if the 
source is flaring. 

A^H does alter the O vn/O vm ratio, but A^h cannot be made 
responsible for the lack of O vii flux detected in some stars. The 
range of A'h measured in the WTTS sample is in fact similar to 
the range measured in CTTS. 

According to the O vii/O vm ratio measured in the sample 
investigated here, it is therefore possible that a soft excess is 
present in all accreting stars. lGudeletaLllf2006ch presented the 
spectrum of the CTTS T Tau. Although the corona of this star is 
extremly hot, a soft plasma component must be present in order 
to explain the strong O vii flux. The flux ratio measured in this 
star is O vn/O vm = 1 .06 + 0.29 for A^h = 0.48 x lO^^ cm-^. The 
latter measurements confirm the presence of a soft excess in 
T Tau, consistent with the results that we find here. A specific 
discussion is presented bv lGiidel et al ] |l2006cl) . 

In order to illustrate the above trend using physical proper- 
ties that are not biased by other stellar properties, we derive the 
temperature Toxy using the loci for isothermal plasma plotted 
in Fig.|S] Toxy for each star was computed using a spline inter- 
polation. The results are shown in Table |S] Toxy of V410 Tau 
and V773 Tau are approximately or below the loci for 7 MK, 
above which the O vn/O vm ratio is no longer sensitive to tem- 
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Fig. 8. Ratio of the fluxes measured in the Ovii triplet and 
the Oviii hya line as a function of A^h- The sample of young 
stars presented in this paper is plotted with circles, while 
values taken from the literature are plotted with squares. 
The diamonds repres ent the main-sequence solar analogs of 
lTelleschietal]ll2005h . HD 283572 is plotted with a triangle be- 
cause the O vn line counts are not measured but derived from 
the best fit model. Filled symbols denote accreting stars, open 
symbols are WTTS. Errors are 1 cr. 

Table 8. T^^y derived from Fig.|Slfor each star. 



Star 


T 

^ oxy 


BPTau 


2.97 (2.77 3.36) 


V773 Tau 


7.0 (4.14 7.0) 


V410Tau 


7.0 (7.0 7.0) 


HP Tau 


< 2.36 


SU Aur 


< 3.10 


DHTau 


3.95 (3.24 7.0) 


DNTau 


2.84 (2.35 4.66) 


AB Aur 


2.75 (2.47 3.11) 


HD 2835721 


4.51 (3.88 7.0) 



perature. We therefore assign a lower limit for Toxy of 7 MK 
to both stars. In Fig. |9j we correlate the Toxy with stellar ac- 
cretion parameters. Filled and open circles represent the CTTS 
and WTTS, respectively. 

In the top panel of Fig. |5J we plot Toxy as a function of 
the Ha equivalent width. For the stars in the XEST survey, 
the values of EW(Hq') are taken from .Giidel et al. (2006b) and 
references therein (see Tabl e [Hi. The EW (Hg) values for TW 
Hya and TWA 5 are from 'Reid" ("2003"), namely 220 A and 
13.4 A, respectiyelv, wh ile the value for CR Cha is taken from 
iGauvin & StromI lll992l) . namely 43.6 A. For HP 283572, an 
equivalent width of A has been reported dKenvon et al.[ 
Il998.) : we plot an upper hmit at EW (Ha) = 1.5 A for il- 
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Fig. 9. Temperature corresponding to the observed O vn/O vm 
count ratio as a function of Ha equivalent width (top) and as 
a function of the accretion rate M (bottom). Errors in log T^xy 
are Icr. 



lustration purposes. Generally, we find that stars with a large 
EW(Ha) show a low Toxy One problem with using EW(Ha) as 
an accretion signature is that for the same accretion rate (M), 
EW(Ha) is smaller in G-type stars than in K-type stars due to 
formers' high continuum. 

We therefore plot in the bottom panel of Fig. |5]roxy as a 
function of M (Table [Tl Gudel et al.. 2006b ). In the cases of 
HD 283572 and HP Tau/G2, for which no upper limit for the 
accretion rate has been reported, we assign an upper limit of 
M < 10"^ Mq yr"' even if WTTS are thought not to be ac- 
tively accreting at a ll. This uppe r limit was chosen according 
to the discussion in ICalvet etalJ ll2004'): These authors find a 
well defined correlation between M and M. In the mass ranges 
between 0.1 and 1 Mq, accreting stars could have been de- 
tected down to a limiting M two orders of magnitude lower 
than observed values. In the case of intermediate-mass TTS, 
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the photospheres are brighter than for lower mass stars, so 
that lines with similar flux have a smaller equivalent width. 
For stars with masses similar to HD 283572 and HP Tau/G2, 
accretion rates between 10"^ and 10"*^ yr"' were clearly 
identified. For V773 Tau and V410 Tau we used upper lim- 
its for the a ccretion rate as reporte d in the XE ST catalog (see 
Ir.iidel etaljEoOfih for a summary, IWhite & r.he7..2nniJ . TW 
Hya is plotted twice, as two diff'ere nt accretion rates have been 
reported (see Kastner et alJ from Ha measurements, 

iMuzeroUe e~al. aOOOi) derived M ^ 5x 10"'° Mq yr"', while 
according to the excess in the Civ /(1 549 line and the em- 
pirical rela tion between this excess and the accretion rate de- 
scribed bv IJohns-KruU et aP (EoO O). M could reach values of 
(3 - 6) X 10"^ Mq yr~'. We found no information on an up- 
per limit of M for TWA 5 in the published literature, and again 
recall that this stellar system contains four components. 

Despite the low statistics, a trend is clearly visible: stars 
with low (or vanishing) accretion rates have T^xy higher than 
the accreting stars. Observationally, these stars thus reveal a 
low O vii/O VIII flux ratio. 



6.3. X-rays from accretion? 



iKastner et aP t.QQ'A andlS telzer & SchmittI ll2004 have inter- 
preted the low f/i flux ratio (consistent with high electron den- 
sity), and other properties of the X-ray spectrum of TW Hya, 
such as the low X-ray temperature and the low Fe/Ne abun- 
dance ratio, in term s of accretion . An an a logous scenario has 
been s uggested by 'Schmitt et alJ (l2005l) . iRobrade & SchmitJ 
ll2006l) . and .Gtinther et al. (20061) to explain the low /// ratio 
measured in three other stars, BP Tau, CR Cha, and V4046 
Sgr In the latter two cases, however, the accretion shock would 
be responsible only for the softest component of the spectrum, 
while magnetic activity or star-disk interaction is required to 
explain the hotter components. 

In our stellar sample, an O vii triplet can be measured for 
only two stars: the CTTS BP Tau and the Herbig star AB Aur 
For the two accreting stars SU Aur and DH Tau, the O vii triplet 
is not present, presumably because it is more absorbed (A^h = 
[3.1-3.2] X 10^' cm"2 and A^h = 2.0 x 10^' cm"^ respectively) 
and perhaps also because the X-ray emission was dominated 
by flaring plasma. 

The low /// flux ratio measured in BP Tau is consistent 
with high densities («e - 3.4 x 10" cm~^). On the other hand, 
the // i ratio measured in AB Aur strictly excludes high densi- 
ties (ne ^ 10"' cm""*). 

We now test the accretion hypothesis for BP Tau and 
AB Aur The accretion rate of BP Tau is M^rr ~ (1.32 



2.88) X 10-**Mo yr-i dWhite & Ghezl 1200 it iMuzerolle et all 
Il998) . For AB Aur we appr oximate the ac c retion rate as «j 
IO^^^'Mq yr according to iTeUeschi et alJ ( l2006al) and ref- 
erences therein. The accretion luminosity, neglecting viscous 
dissipation, is given by Lace = GMM/(2R), which can be writ- 
ten as Lacc,3() ~ 600MM-S/R, where Lacc.so = Lacc/(10^° erg 
s-i), M = M/Me, Macc,-8 = M^^JlQ-^Me yr"' and R = R/Rq. 
Using the steUar parameters of Table [I] we obtain, Lacc.BP S 



3 X lO-'^ erg s ' and Lacc.AB ~ 7 x lO-'^ erg s i.e. enough to 
account for the observed luminosities. 

We further estimate the temperature expected for the accre- 
tion shock. The temperature in case of strong shocks is given by 
T = 3v^iump/l6k, where the velocity is approximately the free 
faU velocity Vff = (2GM/7?)'^^, irip is the proton mass, k is the 
Boltzmann constant, and the mean molecular weight fi x 0.62 
for a fully ionized gas. We thus find T ^ 5AxlO^M/R [K], and 
with the parameters from Table ^ T^p ~ 2 MK and Tab ~ 6 
MK. For BP Tau, this temperature is consistent with the tem- 
perature of the soft component in the 3-r fit and with the tem- 
perature derived from Fig. |8j for AB Aur, Tab is consistent 
with Tav. 

We can further estimate the shock density, using the strong- 
shock condition n2-A-n\, where ni and n2 are the pre-shock and 
post-shock densities. The density n\ can be estimated from the 
accretion mass rate and the accreting area on the stellar surface: 
M X AnR^fvffrigmp, where / is the surface filling factor of the 
accretion flow. We thus find 



"2 



4x 10" M-s 



(3) 



According to lCalvet & G ullbring' typical values for / 

are / = 0.1 - 10%. The density should then be n2 = 10'^ - 
10'"* cm"^ for both stars, given the adopted M. 

These densities are therefore compatible with the Ovn 
triplet fluxes measured in BP Tau, but not with those in AB Aur. 
In order to obtain the electron density that we measure in AB 
Aur from Eq.|3] Mab should be lowered to about IO^'^Mq yr"' ; 
also the accreting area should be at least 10% and probably 
more, essentially the whole stellar surface. The first possibil- 
ity is not s upported from the (tentative) measurements of M 

jTelleschi et al 2006a and references therein), while a filling 

factor approaching unity is unreasonable , given that the star ac - 
cretes from a disk and a wind is present jPraderie et allfl98^ . 
We also note tha t a low f// ratio has also been me asured for 
the CTTS T Tau ilGiidel[l2006atlGiidel et alll2006cl) . 

A problem with the accretion scenari o is that the shock is 
formed close to the stellar photosphere dCalvet & Gullbring*. 
1 1 998) a nd that the X-rays could therefore be absorbed. Drake, 
ll2005ah studied the problem for TW Hya. The depth of the 
shock can be estimated from the measured electron density. For 
TW Hya the density of «e ~ lO'"' cm"^, derived from Ne ix and 
O vn tri plets, corresponds to a larger A^h than observed. iDrakj 
(l2005a ^ suggested that is only w 10'^ cm"^ in TW Hya while 
photoexcitation from the ambient UV radiation field could be 
responsible for the observed /// ratio. For BP Tau, we measure 
an electron density smaller than in TW Hya, and we expect 
therefore that the shock is higher in the photosphere or above 
the photosphere, and the problem of photospheric absorption is 
at least in part alleviated, while the influence of the UV radia- 
tion field from the shock on the // / ratio still remains unknown. 

Accretion can therefore explain the soft excess that we 
measure in BP Tau, but cannot explain the soft X-ray emission 
in AB Aur. 
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7. Conclusions 

We have presented high resolution X-ray spectra of nine 
young stellar objects. Five of them are accreting stars (four 
CTTS and one Herbig star) and four are WTTS. From 
previous work on high-resolution X-ray spectroscopy of T 
Tauri stars ( Kastner et al.. 2002; Stelzer & Schmitt, 2004; 
Ardroffi et all 120051: I Schrmtt et al.ll2005l:lRobrade & SchmitA 
2006l .Giinther et all \200(h. three X-ray properties have been 
proposed to characterize accreting pre-main-sequence stars: i) 
they show strong soft emission (TW Hya); ii) they display a 
high electron density (TW Hya, BP Tau, V4046 Sgr); iii) the Ne 
or N abundances are relatively high (TW Hya, BP Tau, V4046 
Sgr), when compared with Fe. However, the sample of stars 
that had been studied so far was too small to prove that these 
three properties are common to all CTTS. Our sample adds a 
significant number of spectra to test these conjectures. 

For two accreting stars (BP Tau and AB Aur), we have been 
able to measure the O vii triplet and to derive the source elec- 
tron density. While we measured a high densit y for BP Tau 
(3.4x 10" cm"^, confirming previous reports, ISchmitt et all 
I2OO5I) . the density for the Herbig star AB Aur is low, with 
«e < 10'° cm""*. In the high-resolution X-ray spectrum of the 
CTTS T Tau (XEST-01-045), the Ovii triplet is also consis- 
tent with a low density, as reported by Giidel (2006a). The low 
signal-to-noise ratio does not allow to constrain the elec tron 
density for the CTTS CR Cha ("Robr ade & SchmittlEoOe !) and 
DN Tau sufficiently well. For the other CTTS, the Ovn triplet 
was not measurable because of strong absorption or, probably, 
due to the dominance of hot material during strong flaring (in 
SU Aur and DH Tau). 

Regarding WTTS, none of the WTTS in our sample dis- 
plays an Ovii triplet, testifying to the low flux in these lines 
despite their low absorption, and therefore pointing to a de- 
ficiency of cool material if compared with CTTS. The Ovii 
triplet was previously measured for two other WTTS, TWA 5 
CArgiroffietal.. 2005) and HD 98800 (Kastner et al., 2004), 
and in both cases relatively low densities, reminiscent of the 
coronae of main-sequence stars, were observed. 

In conclusion, apart from several T Tauri stars for which the 
O VII remains undetected, there are so far two clear reports each 
for high (TW Hya, BP Tau) and for low densities (AB Aur, T 
Tau) in the cooler plasma component. Although high densities 
are not a condition to qualify the soft X-ray emission for the 
accretion scenario, we suggested that the accretion rates and the 
filling factors would make this scenario unlikely for AB Aur. 
A specific d i scussio n of the T Tau observation will be given by 
|QMiLitiD(|2006c). The triplet line flux ratios do therefore not 
seem to be reliable indicators for accretion-induced X-rays on 
T Tau stars. 

As for the issue of overabundances of specific elements 
such as Ne or N, we have indeed found the Ne abundance 
to be high compared to Fe (4-6 times higher than the so- 
lar ratio), but this is the case for all stars except the G type 
stars (SU Aur, HP Tau/G2, and HD 283572) and the Herbig 
star AB Aur. Stars with a high Ne abundance in their X-ray 
source thus comprise both WTTS and CTTS. A high Ne abun- 
dance has also been reported for three members of the TW as- 



sociation, namely TW Hya ("Kastner et al.', '2002'), HD 98800 
(Kastner etal., 2004), and TWA 5 ( Argiroffi et al., 2005), of 
which the latter two seem to be non-accreting T Tau stars. 
Therefore, we suggest that the high Ne abundance is not a 
characteristic property of CTTS, but is common to most young 
low-mass stars. Studying the abundances of our stellar sam- 
ple and a sample of other PMS and active MS stars, we have 
found that the G-type stars on average show abundance ra- 
tios of (Fe/Ne)G = 1.02 and <Fe/0)G = 2.03, while we have 
found significantly lower ratios for K-type stars (on average 
<Fe/Ne>K = 0.22 and (Fe/0)K = 0.58). It thus seems that the 
abundance ratios are a function of the spectral type and are sim- 
ilar for PMS stars and more evolved active stars, while we find 
no trend with respect to accretion. The abundance of N is dif- 
ficult to measure because the relevant lines ar e usually rather 
faint or suppressed by photoelectric absorption. ' Telleschi et alJ 
(|2006i do not find a significant anomaly in AB Aur for which 
the N VII line could be fitted. 

Finally, the outstanding prop erty of the T W Hya spec- 
trum reported previously ( Kastn eret all I2OO2I) is the domi- 
nance of soft emission relating to cool plasma. Other T Tau 
stars, however, regularly show hard spectra fro m which a dom- 
inant hot plasma compon ent is inferred (e.g., IPreibisch et alJ 
l2005t IC.iidel etall l2006bV Here, we have again made spe- 
cific use of the high-resolution available from the RGS in- 
strument at low photon energies. We have studied the flux ra- 
tio of O vn/Oviii that is inaccessible to CCD instruments. The 
O VII line is formed in a relatively narrow temperature range 
(a: 1 - 4 MK) with the emissivity peaking at ^ 2 MK, whereas 
the O VIII line forms over a wider range centered at somewhat 
higher temperatures (^ 4 MK). The O vii/O viii flux ratio is thus 
a good temperature indicator for the plasma at the cool end of 
the emission measure distribution. The ratio may be modified 
by photoelectric absorption, but we have corrected for this ef- 
fect and determined the single temperature that is equivalent 
to the unabsorbed flux ratio (see Fig. |8}. In our sample, it is 
evident that the accreting stars show an excess in the softest 
emission (expressed by lower Toxy in Fig.|8} that is not present 
in the non-accreting stars. While this soft excess may be of little 
relevance for the overall emission measure distribution domi- 
nated by plasma up to 30 MK, it does systematically alter the 
lines formed at the lowest temperatures. The excess of cool 
emission measure could be due to additional volume containing 
cool plasma, or due to increased densities of low-temperature 
plasma. We cannot conclusively distinguish between these al- 
ternatives, but note that accreting stars with high and low den- 
sities as inferred from O vn line ratios have now been reported. 
We conclude that while hot plasma may dominate the X-ray 
sources of most T Tau stars, a soft excess is characteristic of 
the accreting stars. 

What, then, is the mechanism that induces a soft excess in 
the accre ting subsampl e of ou r targets? The accretion shock 
scenario jKastner et all l2002t) remains a possibiUty for TW 
Hya, BP Tau, and V4046 Sgr although the requirements for AB 
Aur and T Tau are rather demanding, as lower accretion rates 
than hitherto estimated and/or very large accretion areas on the 
star are required, in contradiction to the standard magnetic- 
funnel accretion scenario dCalvet & Gullbring..l998J . 



A. Telleschi et al.: High Resolution X-ray Spectroscopy of TTS in Taurus-Auriga 



17 



lAudard et alJ ( l2005l) have observed a strongly accreting T 
Tau star (a so-called EXor object) during an outburst attributed 
to a strong accretion event. They noted a significant soften- 
ing of the spectrum during and after outburst, indicating the 
predominance of cooler plasma, although the X-ray luminosity 
did not change significantly. They speculated that the accreting 
material is disrupting the largest magnetic features during out- 
burst, which would also be the hottest if magnetic loops have 
the same pressure. This would favor emission from smaller, 
cooler magnetically confined regions in those areas where ac- 
cretion is active. 

Alternatively, the accreting material may not disrupt the 
magnetic structures but may rather fill them with additional 
cool material that is not driven into the coronal regions from 
the chromospheric layers by the mechanism of coronal heating. 
The plasma in the accreting loops is thus cooler from the out- 
set. Also, the increased electron density increases the cooling 
efficiency of heated loops, because the cooling losses scale as 
Hg. Magnetic loops loaded with accreting material are therefore 
cooler JPreibisch et al., 2005) if not otherwise heated preferen- 
tially. 
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Fig. 1. Light curves of the nine stars. Counts from all EPIC detectors have been combined, except for SU Aur and AB Aur, where 
data only from the two MOS detectors were available. Binning is to 1 ks, except for AB Aur, where 5 ks bins are used. Count 
rates refer to the energy range of 0.5-7.3 keV (except for AB Aur, where we used the range 0.3-4 keV). The size of the crosses 
in the x direction represent the bin width. Hardness is given by the ratio between the hard band (1-4 keV for AB Aur, 2-7.3 keV 
for all other stars) and the soft band (0.3-1 keV for AB Aur, 0.3-2 keV for all other stars). The dashed line in the Ught curve of 
V410 Tau separates the observations of XEST-23 and XEST-24. The dashed lines in the BP Tau light curve mark the flaring time 
interval excluded from the spectral fit. The dotted curve overplotted on the AB Aur hght curve shows a sinusoidal fit. 
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Fig. 2. EPIC MOSl spectra of the nine target stars. For plotting purposes the spectra have been multiplied with different factors: 
10 5 for DN Tau, IQ-'' for BP Tau and DH Tau, IQ-^ for HP Tau/G2, lO'^ for SU Aur, 10'^ for V410 Tau, 1 for V773 Tau, and 
10 for HD 283572. 
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Fig. 3. Co-added and fluxed spectra from the RGSl and RGS2 instruments. The spectra are background subtracted and are binned 
to a bin width of 0.066 A for HP Tau/G2, 0.058 A for DN Tau and DH Tau, 0.050 A for BP Tau, 0.042 A for AB Aur, and 0.035 
A for the other stars. In each spectrum we also plot the typical Icr errors at 14.5 A and at 21.6 A (at the position of the O vn line). 
The arrow in the HD 283572 spectrum indicates the precise wavelength of the O vn He/3 line at 18.63 A. 
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Fig. 4. Data and best fit spectrum (EMD model) for V773 Tau.The best-fit model is shown by the histograms in the wavelength 
regions used for the fit. 
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Fig. 5. Element abundances normalized to solar photospheric values jAnders & Grevess3ll 19891) and lGrevesse & Sauvall ll 19991) 
for Fe) derived from the EMD and 3T fits. Open circles for AB Aur: values normalized to the AB Aur photospheric abundances 
jAcke & WaelkensLE004l) . 



